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INTRODUCTION

P r e v io u s  w ork  i n  t h i s  l a b o r a t o r y  h a s  b e e n  c o n c e rn e d  

w i t h  t h e  i s o l a t i o n  and  d e t e r m i n a t i o n  o f  t h e  p r o d u c t s  o f  t h e  

g a s  p h a s e  gamma r a d i o l y s i s  o f  m e th y la m in e ,  ammonia, d i m e t h y l -  

a m in e ,  and  t r i m e t h y l a m i n e .  As a r e s u l t  o f  t h i s  w ork  m echa­

n ism s  o f  p r o d u c t  f o r m a t io n  w ere  p r o p o s e d ,  b u t  i t  was f e l t  

t h a t  m ore i n t e n s i v e  s t u d i e s  s h o u ld  b e  made u s i n g  d e u te r iu m  

l a b e l l e d  compounds a s  an  a i d  t o  e l u c i d a t e  t h e  p ro p o s e d  m echa­

n ism s  .

T h is  t h e s i s  i s  a  s tu d y  o f  t h e  gamma r a d i o l y s i s  o f  

m onom ethyl am in e , m o n o m eth y lam in e -d 2 and  m o n o m e th y l-d ^ -a m in e - 

d 2 , and  c e r t a i n  m ix t u r e s  o f  t h e s e  i n  t h e  g as  p h a s e .

The u t i l i t y  o f  t h e  u s e  o f  d e u te r iu m  l a b e l l e d  com-
2

pounds was r e a l i z e d  i n  t h e  w ork  o f  Dorfman w h e re  i t  was

shown t h a t  a  g a s e o u s  m ix t u r e  o f  C2Hg-C2D g -s c a v e n g e r  y i e l d e d

p r i m a r i l y  H9 and D9 upon  r a d i o l y s i s  w i t h  1 .5  Mev e l e c t r o n s .
3Okabe and  McNesby i r r a d i a t e d  e t h a n e ,  e s p e c i a l l y  CH^CD^, w i t h  

1470 and 1295 A x e n o n  r a d i a t i o n  and showed t h a t  t h e  m a jo r  

p r o d u c t ,  h y d ro g e n ,  i s  fo rm ed i n t r a m o l e c u l a r l y  and  p r e f e r e n ­

t i a l l y  from  t h e  same c a rb o n  a tom . A s tu d y  o f  CH~CD9 by  S t i e f  
4 o J

and A u s lo o s  u s i n g  a  c o b a l t  60 gamma s o u r c e  a l s o  l e d  t o  t h e  

c o n c l u s i o n  t h a t  t h e  i n t r a m o l e c u l a r  f o r m a t io n  o f  h y d ro g e n  i s  

an  i m p o r t a n t  p r o c e s s ,  b u t  e l i m i n a t i o n  o f  a  h y d ro g e n  m o le c u le  

from  t h e  same c a r b o n  atom  do es  n o t  n e c e s s a r i l y  h o l d  f o r  r a d i ­

o l y s i s .  T h ese  f i n d i n g s  a r e  q u i t e  s i g n i f i c a n t  when one  c o n ­

s i d e r s  t h a t  p r i o r  t h i n k i n g  on t h e  p r im a r y  p r o c e s s e s  i n  t h e s e  

f i e l d s  was b a s e d  on t h e  i n t e r m o l e c u l a r  f o r m a t io n  o f  h y d r o g e n .^

M onom ethylam ine h a s  b e e n  s u b j e c t e d  t o  t h e r m a l  and  p h o to
6 7c h e m ic a l  s t u d i e s .  I n  t h e  w ork  by  M ic h a e l  and  Noyes t h e  p h o to
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l y s i s  o f  CH,jNH2 , CD^NH^ and CH^tn^ s e p a r a t e l y  w i t h  U.V. l i g h t  

(1940 t o  2440 A) was s t u d i e d  a t  room t e m p e r a t u r e .  T h is  p h o ­

t o l y s i s  y i e l d e d  h y d ro g e n ,  ammonia, e th y l e n i m in e  and d im e th y l -  

am ine as  t h e  m a jo r  p r o d u c t s j  m e t h a n e , e t h a n e , n i t r o g e n  and 

azo m eth an e  w ere  formed t o  a  l e s s e r  e x t e n t .  A p o ly m e r  was 

a l s o  p ro d u c e d ,  b u t  c o u ld  n o t  be  c h a r a c t e r i z e d .  The a u th o r s  

c o n s i d e r e d  t h e  p r im a ry  d i s s o c i a t i o n s  t o  be

CH3NH2 + hv = H + CH3NH ( l a )

ch3nh2 + hv -  H + CH2NH2 ( l b )

CH3NH2 hv = ch3 + nh2 ( l c )

CH3NH2 + hv -  CNH3 + H2 ( Id )

I s o t o p i c  a n a l y s i s  by  m ass s p e c t r o m e t r y  o f  t h e  h y d ro g e n  form ed 

from  CD^N^ showed a b o u t  e q u a l  am ounts o f  H2 and HD w e re  p r o ­

d u c e d ,  w i t h  v e ry  l i t t l e  D2> The m ethane  c o n t a i n e d  CD^H as  t h e  

m a jo r  com ponen t, w i t h  CD^ and  a  t r a c e  o f  CD2H2 . The e th a n e  

was m o s t ly  C2Dg w i t h  some C^D^H. W ith  CH3ND2 t h e  h y d ro g e n  was 

m a in ly  HD w h i l e  much m ore H2 was p r e s e n t  t h a n  D^. The m e thane  

y i e l d e d  a p p r o x im a te ly  e q u a l  am ounts o f  CD^ and CD^H, t h e  

e th a n e  was c o m p le te ly  ^ 2^ 6 '

The a u th o r s  c o n c lu d e d  t h a t  r e a c t i o n  ( l a )  m ust a c c o u n t  

f o r  a t  l e a s t  75% o f  t h e  p r im a r y  p r o c e s s  and  e s t i m a t e d  t h a t  

r e a c t i o n  ( l b )  i s  107o o f  ( l a )  . They a l s o  n o t e d  t h a t  h y d ro g e n  

atom  a b s t r a c t i o n  from  t h e  CH^ seems t o  b e  p r e f e r r e d  o v e r  t h a t  

from  _ND2 i n  CH3ND2 .

R e a c t io n  ( l c )  a c c o u n te d  f o r  t h e  f o r m a t io n  o f  m eth an e  

and e th a n e  a c c o r d in g  to

CH3 + RH = CH4 + R (2)

CH3 + CH3 (+M) = C2H6 (+M) . (3 )
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F u r t h e r ,  r e a c t i o n s  ( l a )  and  ( l b )  w e re  s a i d  t o  b e  f o l lo w e d  by 

H + CH3NH2 = H2 + CH2NH2 ( o r  CH3NH) , (4)

w h e re  t h e  ammonia p ro d u c in g  r e a c t i o n  w ould  th e n  i n v o lv e  two 

r a d i c a l s  o f  t h e  e m p i r i c a l  fo rm u la  CNH^ ,

2CNH4 = NH3 + C2NH5 ; (5)

C2NH3 i s  t h e  e m p i r i c a l  fo rm u la  o f  e th y l e n i m in e .  I t  was n o te d  

t h a t  d im e th y la m in e  and n i t r o g e n  w ere  form ed by r e a c t i o n s  w h ich  

w e re  d i f f i c u l t  t o  e l u c i d a t e .

E a r l i e r ,  W atson and  D arw ent had  s t u d i e d  t h e  p h o to ­

c h e m ic a l  d e c o m p o s i t io n  o f  CH3ND2 and CD3NH2 s e p a r a t e l y .  T h e i r  

r e s u l t s  o f  h y d ro g e n  i s o t o p e  a n a l y s i s  a g re e  q u a l i t a t i v e l y  w i t h  

t h o s e  o f  M ic h a e l  and Noyes s i n c e  t h e  fo rm e r  i n v e s t i g a t o r s  

s t a t e d  t h a t  th e y  w ere  w o rk in g  w i t h  compounds o f  q u e s t i o n a b l e  

i s o t o p i c  p u r i t y .  I n  b o t h  w o rk s ,  e s s e n t i a l l y  t h e  same m echa­

n ism s  w ere  p o s t u l a t e d .  I n  n e i t h e r  s tu d y  w ere  m ix tu r e s  o f  

m onom ethylam ine  and  m ono m ethy l-d3 ~ am in e-d2 u s e d  i n  an a t t e m p t  

t o  c l a r i f y  t h e  p o s s i b l e  p r im a ry  p r o c e s s e s .

S c h ie k  h a s  i n v e s t i g a t e d  t h e  r a d i o l y s i s  o f  m onom ethy l­

am in e . ^ The d e c o m p o s i t io n  by c o b a l t  60 gamma r a d i a t i o n  (p h o ­

to n s  o f  1 .1 7  Mev and 1 .3 3  Mev e n e rg y )  r e s u l t e d  i n  h y d ro g e n ,  

ammonia and  d im e th y la m in e  a s  t h e  m a jo r  p r o d u c t s ; m e th an e  was 

form ed t o  a  l e s s e r  e x t e n t .  No o t h e r  p r o d u c t s ,  i n c l u d i n g  a 

p o ly m e r ,  w e re  d e t e c t e d .  The d im e th y la m in e  i n i t i a l l y  r e a c h e d  

a  h i g h  c o n c e n t r a t i o n  t h e n  d e c r e a s e d  w i t h  i r r a d i a t i o n  t im e .

The a u t h o r  p ro p o s e d

CH3NH2 -  CH2NH + H2 (6 )

a s  t n e  m ain  s t e p  i n  h y d ro g e n  f o r m a t io n ,  b a s e d  on t h e  w ork  o f
6hW atson and D arw en t.

S in c e  ammonia p r o d u c t i o n  was d e p e n d e n t  on p r e s s u r e ,



t h e  d a t a  s u g g e s t e d  a  b i m o l e c u l a r  r e a c t i o n .

ch3 - nh2 + h - ch2nh2 '=  nh3 + ch3 + ch2nh2 (7)

ch3 - nh2 + h - nhch3 = nh3 + ch3 + ch3nh (8 )

I t  was n o te d  t h a t  r e a c t i o n  $ ) c o u ld  a c c o u n t  f o r  d im e th y la m in e  

f o r m a t io n .  The r e a c t i o n

nh2 + ch3nh2 = nh3 + ch4n (9)

was a l s o  c o n s i d e r e d  p l a u s i b l e .

M ethane f o r m a t io n  was r a t i o n a l i z e d  by s e v e r a l  p a t h s .

CH3NH2 = CH4 + NH , (10)

o r  c a r b o n - n i t r o g e n  bond  s c i s s i o n

ch3nh2 = ch3 + nh2 (11)

f o l lo w e d  by

ch3 + ch3nh2 = ch4 + ch2nh2 (12)

CH„ + CH„NH„ = CH. + CH0NH . (13)3 3 2 4 3

A d d i t io n  o f  i o d i n e  d e c r e a s e d  t h e  y i e l d  o f  ammonia and  

d im e th y la m in e ,  i n d i c a t i n g  t h a t  f r e e  r a d i c a l  r e a c t i o n s  may b e  

o p e r a t i v e .  C harge  t r a n s f e r  r e a c t i o n s  w ere  a l s o  d e m o n s t r a te d  

s i n c e  a d d i t i o n  o f  h e l iu m  and  a rg o n  i n c r e a s e d  t h e  y i e l d  o f  

ammonia.
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EXPERIMENTAL

A. C h em ica ls

1. M onom ethylam ine (CH^NI^)

A nhydrous m onom ethy lam ine  was o b t a i n e d  from  t h e  

M atheson  Company, R u t h e r f o r d ,  New J e r s e y .  The s t a t e d  p u r i t y  

was 9 9 .8  m ole  a n a l y s i s  by  g as  c h ro m a to g ra p h y  showed im­

p u r i t i e s  o f  ammonia, d im e th y la m in e  and t r i m e t h y l a m i n e . A f t e r  

b l e e d i n g  t h e  g as  i n t o  t h e  vacuum l i n e ,  a  c e n t e r  c u t  was 

t a k e n  and  d i s t i l l e d  from  a  b a t h  a t  - 8 5 °C (d r y  i c e  -  t r i c h l o r o -  

e t h y l e n e )  t o  a  r e c e i v e r  a t  -196°C  ( l i q i i i d  n i t r o g e n ) .  T h is  

was f o l lo w e d  by  two h o u r s  o f  pumping on t h e  s o l i d  m e th y la m in e  

h e l d  a t  -130°C  ( m e l t i n g  n - p r o p y l  a l c o h o l  b a t h ) .  At f i f t e e n  

m in u te  i n t e r v a l s  t h e  s o l i d  was a l lo w e d  t o  thaw  and t h e n  r e ­

f r o z e n .  A f t e r  t h e  o p e r a t i o n s ,  t h e  g as  was d i s t i l l e d  i n t o  a  

s t o r a g e  b u l b .  U s in g  g a s  c h ro m a to g ra p h y ,  i t  was n o te d  t h a t  

t h e  p r o c e d u r e  rem oved m ost o f  t h e  ammonia and  t r im e t h y l a m i n e

w i t h  d im e th y la m in e  r e m a in in g  a s  t h e  m a jo r  i m p u r i t y .  The i n f r a -
8

r e d  s p e c t ru m  a g re e d  v e r y  w e l l  w i t h  t h a t  o f  G ray  and L o rd .

2. Monomethylamine-d2 (CH^tTC^)
8The m ethod  o f  G ray and  L o rd  was u s e d  w i t h  some m od i­

f i c a t i o n s .  M e th y lam in e  h y d r o c h l o r i d e  (M a theson , Coleman and 

B e l l ,  L o t  No. 381086) was r e c r y s t a l l i z e d  from  w a t e r  t h r e e  

t im e s  and  d r i e d  i n  a  d r y in g  p i s t o l .  N in e  gram s o f  t h e  m e t h y l ­

am ine h y d r o c h l o r i d e  w e re  p l a c e d  i n  a  50 m l.  lo n g - n e c k e d  f l a s k ,  

f i t t e d  w i t h  a  1 9 /3 8  s t a n d a r d  t a p e r  f e m a le  j o i n t .  F i f t e e n  

gram s o f  D2O (9 9 .8  m o le  % o f  D2O from  B io -R ad  L a b o r a t o r i e s ,  

R ichm ond, C a l i f o r n i a )  w e re  t h e n  added  and t h e  m ix t u r e  r e f l u x e d
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f o r  4 h r s . The s p e n t  D2O was d i s t i l l e d  o f f  u n d e r  vacuum a t  

room t e m p e r a t u r e  a f t e r  t h e  e x c h a n g e .  F r e s h  D2O was t h e n  

added  t o  t h e  s a l t  and  t h e  r e f l u x i n g  and  d i s t i l l i n g  w ere  r e ­

p e a t e d  t h r e e  more t i m e s .  The f i n a l  d i s t i l l a t i o n  rem oved o n ly  

a b o u t  o n e - h a l f  o f  t h e  s p e n t  D2O. A f t e r  t h e  f i n a l  e x ch an g e  

and d i s t i l l a t i o n  t o  o n e - h a l f  vo lu m e , CaO, w h ic h  h a d  b e e n  

h e a t e d  t o  4 5 0 °C u n d e r  a  r u n n in g  vacuum f o r  two days  t o  remove 

Ca(0H)2> was added  t o  t h e  s o l u t i o n  i n  t h e  f l a s k .  The f l a s k  

was a t t a c h e d  t o  t h e  vacuum l i n e  and  e v a c u a t e d :  M onom ethyl-

a m in e -d 2 was g e n e r a t e d  by p l a c i n g  an  a i r  b a t h  a ro u n d  t h e  f l a s k  

and  h e a t i n g  t o  200°C. The g a s  was c o n d e n se d  i n  a  U t r a p  im­

m ersed  i n  l i q u i d  n i t r o g e n .  The s o l i d  was t h e n  pumped on f o r  

15 m in . By r e p l a c i n g  t h e  l i q u i d  n i t r o g e n  b a t h  w i t h  a  d ry  

i c e - t r i c h l o r o e t h y l e n e  b a t h  and  p l a c i n g  t h e  l i q u i d  n i t r o g e n  a t  

t h e  s t o r a g e  b u l b ,  t h e  g a s  was d i s t i l l e d  i n t o  t h e  s t o r a g e  b u l b .

I n f r a - r e d  a n a l y s i s  showed t h e  c h e m ic a l  p u r i t y  o f  mono­

m eth y lam ine  t o  b e  a t  l e a s t  98 m ole  %. The s l i g h t  p e r c e p t i b i ­

l i t y  o f  t h e  s t r o n g  m e th y la m in e -d ^  b an d  a t  878 cm .^ i n d i c a t e d  

t h a t  i s o t o p i c  p u r i t y  was a t  l e a s t  95 m ole  % o f  CH^IST^.

3 .  M onom ethyl-d^  -  a m in e -d 2 (CD^tH^)

The s y n t h e s i s  o f  c o m p le t e ly  d e u t e r a t e d  m e th y la m in e

in v o lv e d  t h e  p r e p a r a t i o n  o f  m e th y l-d ~  b ro m id e  a f t e r  t h e  m ethod
9o f  N o l in  and L e i t c h  , t h e  p r e p a r a t i o n  o f  m e th y l -d ~ -a m in e  h y d r o -

10c h l o r i d e  s t a r t i n g  w i t h  CD~Br as  d e s c r i b e d  by Cox and Warne
8and m o d i f i e d  by Gray and  L o rd  , c o m p le te  d e u t e r a t i o n  as  c i t e d  

above  f o r  m e th y 1a m in e -d 2 d e u t e r o c h l o r i d e ,  and  f i n a l l y ,  g e n e r a ­

t i o n  o f  t h e  f r e e  am ine by t h e  same p r o c e d u r e  . S in c e  m o d i f i ­

c a t i o n s  w e re  im p lem en ted  by  t h e  a u t h o r ,  t h e  p r e p a r a t i v e  scheme 

i s  o u t l i n e d  f o r  p u r p o s e s  o f  c l a r i t y .

a .  T w e n ty - e ig h t  gram s o f  m a lo n ic  a c i d  ( F i s h e r  Chemi­

c a l  C o . ,  R e ag e n t  g r a d e ,  L o t  No. 734681) w e re  ex ch an g ed  f o r  2
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h r s .  a t  room t e m p e r a t u r e  w i t h  29 gram s o f  D2O (B io -R ad  

L a b o r a t o r i e s ,  9 9 .8  m ole  % o f  D2O) i n  a  100 m l. f l a s k  f i t t e d  

w i t h  a  1 9 /3 8  s t a n d a r d  t a p e r  fe m a le  j o i n t .  The s p e n t  D2O was 

d i s t i l l e d  o f f  w i t h  a  R in co  a p p a r a t u s  u n d e r  ru n n in g  vacuum 

and c o l l e c t e d  i n  a  d ry  i c e - a c e t o n e  t r a p .  F r e s h  D2O was t h e n  

added  t o  t h e  m a lo n ic  a c i d  and  t h e  p r o c e d u r e  r e p e a t e d  f i v e  

m ore t i m e s .  A f t e r  t h e  f i n a l  b a t c h  o f  s p e n t  D2O was rem oved , 

t h e  a c i d  was d r i e d  on a  vacuum l i n e  o v e r n i g h t  .

b .  The m a lo n ic  a c i d - d ^  was d e c a r b o x y l a t e d  and  t h e  

a c e t i c  a c i d - d ^  d i s t i l l e d  u s i n g  an  a l l - g l a s s  d i s t i l l a t i o n  

h e a d  a t t a c h e d  t o  t h e  100 m l. f l a s k  th r o u g h  a  s t a n d a r d  t a p e r  

j o i n t .

c .  The a c e t i c  a c i d - d ,  was d i l u t e d  w i t h  c o l d  w a t e r4
and  n e u t r a l i z e d  w i t h  c o l d  6N ammonium h y d r o x i d e .  A s l i g h t  

e x c e s s  o f  3N s i l v e r  n i t r a t e  was added  w i t h  s t i r r i n g  and  t h e  

s i l v e r  a c e t a t e - d ^  was p r e c i p i t a t e d  and  d r i e d  i n  a  vacuum 

d e s i c c a t o r ,  s t o r e d  i n  t h e  d a r k ,  f o r  t h i r t y ^ s i x  h o u r s .

d .  The d r i e d  s i l v e r  a c e t a t e - d ^  was r e a c t e d  w i t h

d ry  b ro m in e  (B aker  A n a ly ze d  R e a g e n t)  a t  room t e m p e r a t u r e  i n
_3

a  vacuum l i n e  ( o p e r a t i n g  p r e s s u r e ,  10 mm. H g ) . The a c e t a t e  

was l o o s e l y  p a c k e d  a t  t h e  t o p  o f  an  a s c a r i t e  colum n ( a p p r o x .

46 cm. l o n g ) , a  r e c e i v i n g  f l a s k  was a t t a c h e d  t o  t h e  b o t to m  o f  

t h e  colum n by  a  1 2 /3 0  s t a n d a r d  t a p e r  j o i n t .  The m e th y l -d ^  

b ro m id e  was t r a p p e d  i n  t h i s  f l a s k  w i t h  l i q u i d  n i t r o g e n .  

T w e n ty -se v e n  gram s o f  d r i e d  s i l v e r  a c e t a t e - d ^  w e re  d i v i d e d  

i n t o  f i v e  b a t c h e s  and  e a c h  b a t c h  was ru n  s e p a r a t e l y  w i t h  f r e s h  

a s c a r i t e .  G r e a t  c a r e  h a d  t o  b e  t a k e n  when p a s s i n g  t h e  b ro m in e  

o v e r  t h e  a c e t a t e  s i n c e  t h e  r e a c t i o n  i s  v e r y  e x o th e r m ic .

e .  The m e th y l - d ^  b ro m id e  was p a s s e d  t h r o u g h  p h o s ­

p h o ro u s  p e n to x i d e  and  a s c a r i t e  i n  t u r n  t o  rem ove any  im p u r i ­

t i e s  r e m a in in g ,  and  was f r o z e n  i n t o  t h e  s i d e  arm o f  a  100 m l. 

f l a s k  c o n t a i n i n g  a  s t o i c h i o m e t r i c  a m o u n t 'o f  p o ta s s iu m -  p h t h a l i -
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m ide  (Kodak W h ite  L a b e l ,  L o t  No. 37A) w h ich  h a d  b e e n  pumped 

on a t  1 8 0 °C f o r  1 h r  . t o  rem ove any w a t e r .  The f l a s k  was 

t h e n  s e a l e d  o f f .  The m ain  body o f  t h e  f l a s k  was p l a c e d  i n  

an  a i r  b a t h  a t  130°Cj t h e  s i d e  arm was a t  room t e m p e r a t u r e .

The r e a c t i o n  was a l lo w e d  to  p ro c e e d  u n d e r  t h e s e  c o n d i t i o n s  

f o r  12 h r s .

The f l a s k  was o pened  and t h e  s o l i d  s c r a p p e d  o u t ,  

w ashed  tw ic e  w i t h  c o ld  w a t e r , 1 t h r e e  t im e s  w i t h  c o ld  IN p o ­

t a s s i u m  h y d r o x i d e ,  and  t h r e e  t im e s  w i t h  c o ld  w a t e r .  The N- 

m e th y l -d ^  p h t h a l i m i d e  was d r i e d  i n  a  vacuum d e s i c c a t o r  and 

t h e n  e x t r a c t e d  w i t h  c a rb o n  d i s u l f i d e  i n  a  S o x h le t  e x t r a c t i o n  

a p p a r a t u s . The c a rb o n  d i s u l f i d e  was rem oved on a  R i n c o .

f .  The N -m e th y l-d g  p h t h a l i m i d e  was r e f l u x e d  w i t h  

c o n s t a n t  b o i l i n g  h y d r o c h l o r i c  a c i d  f o r  30 h r s .  A f t e r  c o o l in g ' ,  

t h e  p r e c i p i t a t e d  p h t h a l i c  a c i d  was f i l t e r e d  o f f  and  t h e  r e ­

m a in in g  s o l u t i o n  e v a p o r a t e d  on a  R in c o .  The w e ig h t  o f  t h e  

d r i e d  m o n o m eth y l-d ^ -am in e  h y d r o c h l o r i d e  was 2 .0 6  g ram s.

g .  The m o n o m e th y l-d ^ -am in e  h y d r o c h l o r i d e  was r e f l u x e d  

w i t h  b a t c h e s  o f  6 grams o f  D2O (B io -R ad  L a b o r a t o r i e s ,  9 9 .8  

m ole  % D2O) and  g e n e r a t e d  i n  t h e  same m anner a s  i n  t h e  p r e ­

p a r a t i o n  o f  m onom ethylam ine - d 2 .

I n f r a - r e d  s p e c t r a  showed t h e  c h e m ic a l  p u r i t y  o f  t h e  

am ine to  be  a t  l e a s t  98 m ole  %. NMR and i n f r a - r e d  s t u d i e s  i n ­

d i c a t e d  t h e  i s o t o p i c  p u r i t y  t o  b e  a p p r o x im a te ly  95 m ole  % i n  

CD3ND_2  ̂ 5 m ole  %, CIE^NHD.

B. A p p a ra tu s  and  E quipm ent

1 . C o b a l t - 6 0  S o u rc e
The c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e  85 c u r i e  (S e p ­

t e m b e r ,  1962) s o u r c e  h a s  b e e n  p r e v i o u s l y  d e s c r i b e d . ^  The 

s t r e n g t h  o f  t h e  s o u r c e  w i t h  r e s p e c t  t o  e a c h  i r r a d i a t i o n ,  p o s i ­

t i o n  was c a l i b r a t e d .
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2 . Vacuum System

A d raw in g  o f  t h e  vacuum l i n e  u s e d  i n  t h e  w ork i s  

shown i n  F ig u r e  I .  The e n t i r e  s y s te m  was f a b r i c a t e d  from  

P y re x  b r a n d  g l a s s  e x c e p t  f o r  t h e  vacuum r u b b e r  t u b in g  b e ­

tw een  t h e  m e c h a n ic a l  forepum p (Welch D u o -S ea l  ty p e )  and t h e  

o i l  b a c k -u p  t r a p  b u l b .  I r r a d i a t i o n  a m p o u le s ,  T o e p le r  pump 

and  any a c c e s s o r i e s  w e re  a t t a c h e d  t o  t h e  m ain  m a n i f o ld  th r o u g h  

t h e  1 0 /3 0  j o i n t s .

3 .  T o e p le r  Pump

F i g u r e  I I - a  shows t h e  T o e p le r  pump u s e d  t o  s e p a r a t e  

t h e  n o n - c o n d e n s a b le  p r o d u c t  g a s e s  a t  - 1 6 0 °C from  t h e  co n -  

d e n s a b l e s  o f  t h e  i r r a d i a t e d  sa m p le .  The r i g h t h a n d ,  th r e e - w a y  

s to p c o c k  was c o n n e c te d  t o  t h e  m ain  m a n i f o ld  by  a  p i e c e  o f  

h e av y  w a l l e d  ty g o n  t u b i n g ,  P y re x  g l a s s  t u b i n g  and a  s t a n d a r d  

t a p e r  m ale  j o i n t .

4 .  I r r a d i a t i o n  Ampoules

The i r r a d i a t i o n  am poules  shown i n  F i g u r e  I l - b  w ere  

made by f u s i n g  a  p i e c e  o f  10 mm. O.D. P y re x  t u b in g  t o  a  

l e n g t h  o f  2 mm. I . D .  c a p i l l a r y  P y re x  t u b i n g  f i t t e d  w i t h  a  

1 0 /3 0  s t a n d a r d  t a p e r  m a le  j o i n t .  The am poule  was t h e n  

f a s h i o n e d  by d raw in g  o u t  t h e  10 mm. t u b i n g  to  a  b r e a k  s e a l  

so  t h a t  t h e  m ain  b o d y ,  e x c lu d in g  b r e a k  s e a l  and  c a p i l l a r y ,  

m ea su re d  8 t o  8 .5  cm. i n  l e n g t h .  Some i r r a d i a t i o n  v e s s e l s  

w e re  5 t o  5 .5  cm. i n  l e n g t h .  C are  was a lw ays  t a k e n  i n  c h e c k ­

in g  e a c h  am poule f o r  l e a k s .

5 .  I n f r a - r e d  S p e c t r o p h o to m e te r

A l l  s p e c t r a  o f  t h e  g a s e s  w e re  r u n  on a  P e rk in - E lm e r  

g r a t i n g  IR  S p e c t r o p h o to m e te r ,  Model 3 37 . The o p t i c s  f o r  t h e  

10 cm. g as  c e l l  w e re  NaCl.

6 .  NMR

A V a r i a n ,  Model A -60 , n u c l e a r  m a g n e t ic  r e s o n a n c e  s p e c ­

t r o m e t e r  was u s e d  t o  c h e c k  t h e  i s o t o p i c  p u r i t y  o f  t h e  m a lo n ic
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FIG. I l - a FIG . I I - b
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a c i d  a f t e r  t h e  f i n a l  ex ch a n g e  w i t h  D2O. The s o l v e n t  u s e d

was a l s o  D2O f o r  b n t h  t h e  d e u t e r a t e d  and  t h e  n o n - d e u t e r a t e d

m a lo n ic  a c i d .

7 .  Gas C hro m atog raph

A d i e t h a n o l a m i n e ,  l a u r y l  a l c o h o l ,  sod ium  i o d i d e  
12on F lu o ro p a k  80 colum n was u s e d  i n  a  P e r k i n - E l m e r , Model 

154B, V apor F r a c t o m e t e r .

C. P ro c e d u r e s

1 . P r e p a r a t i o n  o f  Sam ples

The i r r a d i a t i o n  am poule  was a t t a c h e d  t o  t h e  vacuum

l i n e  by  a  1 0 /3 0  s t a n d a r d  t a p e r  j o i n t  and  pumped on w h i l e

c h e c k in g  f o r  l e a k s  w i t h  a  T e s l a  c o i l .  A f t e r  pum ping a t  a 
-4p r e s s u r e  o f  10 mm. Hg, o r  l e s s ,  f o r  t e n  t o  f i f t e e n  m in u t e s ,

t h e  m ain  s to p c o c k  was c l o s e d  and a f t e r  a  p e r i o d  o f  t e n  m in u te s
_3

t h e  p r e s s u r e  was r e a d .  I f  t h e  p r e s s u r e  was l e s s  t h a n  10 mm. 

Hg, i t  was t a k e n  a s  an i n d i c a t i o n  t h a t  t h e r e  w ere  no l e a k s ,  

t h e  s l i g h t  i n c r e a s e  i n  p r e s s u r e  was due t o  a i r  s t i l l  a b s o rb e d  

i n  t h e  f r e s h l y  a p p l i e d  s to p c o c k  g r e a s e .  T h is  was p ro v e n  t o  

b e  t h e  c a s e  i n  b l a n k  r u n s .

The m ain  s to p c o c k  was a g a i n  op ened  and  pumping was 

c o n t i n u e d  f o r  tw e n ty  t o  t h i r t y  m in u te s  on  t h e  w h o le  l i n e  i n ­

c lu d i n g  t h e  g a s  b u r e t t e ,  f l a m in g  t h e  l i n e  a t  r e g u l a r  i n t e r v a l s .  

The p r e s s u r e  was a g a i n  c h e c k e d .  The m ain  s to p c o c k  and a l l  

o t h e r s  w e re  c l o s e d .  The b u r e t t e  s to p c o c k  was o pened  and  g a s  

from  a s t o r a g e  b u lb  b l e d  s lo w ly  i n t o  t h e  b u r e t t e  u n t i l  t h e  

d e s i r e d  p r e s s u r e  was r e a c h e d .  The b u r e t t e  s t o p c o c k  was t h e n  

c l o s e d .  L iq u i d  n i t r o g e n  was p l a c e d  a t  t h e  s t o r a g e  b u l b .

Twenty m in u te s  w e re  u s u a l l y  r e q u i r e d  f o r  a l l  t h e  g as  i n  t h e  

l i n e  t o  b e  f r o z e n  b a c k  i n t o  t h e  b u lb  a f t e r  w h ic h  t h e  b u lb  s t o p ­

c o ck  was c l o s e d .  L iq u i d  n i t r o g e n  was p l a c e d  a t  t h e  c o l d  f i n g e r  

o f  t h e  g as  b u r e t t e  and t h e  g a s  f r o z e n .  The b u r e t t e  s to p c o c k  

was t h e n  op en ed  f o r  a  c o u n t  o f  t e n  t o  f r e e z e  i n t o  t h e  c o ld
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f i n g e r  any gas i n  t h e  s to p c o c k  b o r e .  The b u r e t t e  s to p c o c k  

was c l o s e d ,  t h e  l i q u i d  n i t r o g e n  rem oved , and t h e  g as  a l lo w e d  

to  come t o  th e r m a l  e q u i l i b r i u m  ( t e n  t o  f i f t e e n  m in u te s )  w i t h  

h an d  warming o f  t h e  c o l d  f i n g e r .  W h ile  e q u i l i b r i u m  was b e in g  

r e a c h e d  i n  t h e  g a s  b u r e t t e ,  t h e  s to p c o c k  to  t h e  am poule  was 

opened  a lo n g  w i t h  t h e  m ain  s to p c o c k  and t h e  am poule  pumped o n . 

A f t e r  th e r m a l  e q u i l i b r i u m  was a t t a i n e d  i n  t h e  b u r e t t e ,  t h e  

m ain  s to p c o c k  was c l o s e d ,  a  l i q u i d  n i t r o g e n  b a t h  was p l a c e d  

a ro u n d  t h e  am pou le , and  t h e  b u r e t t e  was t h e n  open ed  to  th e  

i r r a d i a t i o n  v e s s e l .  F o l lo w in g  t h e  i n i t i a l  s u r g e  o f  g a s  from  

t h e  b u r e t t e ,  t h e  b u r e t t e  s to p c o c k  was c l o s e d  and t h e n  opened  

o n ly  f i v e  t im e s  f o r  a  c o u n t  o f  t e n  i n  an  i n t e r v a l  o f  tw e n ty  

m in u t e s .  From c o n t r o l  s a m p le s ,  i t  was found  t h a t  t h i s  y i e l d e d  

q u a n t i t a t i v e  t r a n s f e r  and  p r e v e n t e d  l a r g e  am ounts o f  m erc u ry  

from  e n t e r i n g  t h e  am pou le . F i n a l l y ,  t h e  s to p c o c k  t o  t h e  

am poule  was c l o s e d  and t h e  v e s s e l  was s e a l e d  o f f  a t  t h e  c a p i l ­

l a r y  w h i l e  t h e  l i q u i d  n i t r o g e n  b a t h  re m a in e d  i n  p l a c e .

2 . A d d i t io n  o f  A rgon t o  Sam ples

When a rg o n  (M atheson  C o . ,  9 9 .9  m ole  %) was added  to  

a  g iv e n  sa m p le ,  t h e  m e th y la m in e  was f r o z e n  i n t o  t h e  am poule  

by t h e  same p r o c e d u r e  a s  g iv e n  above  e x c e p t  t h a t  i n  t h e  f i n a l  

s t e p  t h e  s to p c o c k  t o  t h e  i r r a d i a t i o n  am poule  was c l o s e d ,  b u t  

t h e  am poule was n o t  s e a l e d  o f f  u n t i l  t h e  a rg o n  h a d  b e e n  a d d ed .

An a rg o n  s t o r a g e  b u lb  was c o n n e c te d  t o  t h e  m ain  m a n i­

f o l d  th ro u g h  a  1 0 /30  s t a n d a r d  t a p e r  j o i n t  and  t h e  l i n e  pumped
—Zj.

down t o  10 mm. Hg. A l i q u i d  n i t r o g e n  b a t h  was p l a c e d  a t  

t h e  a rg o n  s t o r a g e  b u lb  and i t s  s t o p c o c k  was o pened  f o r  one 

m in u te ,  t h e n  c l o s e d .  W ith  a n o th e r  l i q u i d  n i t r o g e n  b a t h  a t  t h e  

am p ou le , t h e  am poule s to p c o c k  was opened  f o r  f i f t e e n  s e c o n d s ,  

t h e n  c l o s e d .  The p r o c e s s  was r e p e a t e d  two m ore t im e s  and 

th e n  t h e  ampoule was s e a l e d  o f f  . T h is  p r o c e d u r e  i n s u r e d  t h a t  

a rg o n  was p r e s e n t  i n  t h e  sam p le  a t  a p p r o x im a te ly  130 mm. Hg
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p r e s s u r e ,  t h e  v a p o r  p r e s s u r e  o f  s o l i d  a rg o n  a t  - 1 9 6 °C.

3 .  S e p a r a t i o n  o f  P r o d u c t s  from  I r r a d i a t e d  Sam ples

The s e p a r a t i o n  o f  t h e  n o n - c o n d e n s a b le  g a s e s  from

t h e  c o n d e n s a b le  g a s e s ,  a t  -160°C , o f  t h e  i r r a d i a t e d  sa m p le s

was e f f e c t e d  w i t h  a  T o e p l e r  pump. The i r r a d i a t i o n  am poule

was p l a c e d  i n  t h e  a p p r o p r i a t e  co m p a r tm e n t,  t h e  C o rn in g  t y p e ,

b r e a k  s e a l  tu b e  was a t t a c h e d  by c a p i l l a r y  t u b in g  and a b a l l

j o i n t  c o n n e c t i o n  t o  t h e  u p p e r  l e f t h a n d  s to p c o c k ,  and  t h e

w h o le  s y s te m  was e v a c u a t e d .  C are  was t a k e n  to  c h e c k  t h e

b r e a k  s e a l  f o r  l e a k s .  Each s e c t i o n  o f  t h e  sy s te m  was f lam ed

g e n t l y .  B ecau se  o f  t h e  p i e c e  o f  h eavy  w a l l e d  ty g o n  t u b in g

u s e d  a s  p a r t  o f  t h e  c o n n e c t i o n  to  t h e  m ain  m a n i f o ld ,  t h e
_3

p r e s s u r e  o b t a i n a b l e  was s l i g h t l y  l e s s  t h a n  10 mm. Hg.

When a l l  s e c t i o n s  w e re  e v a c u a t e d ,  t h e  r i g h t h a n d  t h r e e -  

way s to p c o c k  was t u r n e d  so  t h a t  i t  c o n n e c te d  t h e  am poule 

b r e a k i n g  cham ber w i t h  t h e  m erc u ry  p i s t o n .  S to p c o c k s  t o  t h e  

cham ber i t s e l f  and to  t h e  b r e a k  s e a l  w e re  c l o s e d .  The am poule 

was b r o k e n  by  a l l o w in g  a  g l a s s  e n c lo s e d  n a i l  t o  d ro p  on i t j  

a  b a t h  o f  l i q u i d  n i t r o g e n  was p l a c e d  a t  t h e  cham ber f o r  two 

m in u te s  and  t h e n  r e p l a c e d  w i t h  a  m e l t i n g  i s o - p e n t a n e  b a t h .

A f t e r  an  i n t e r v a l  o f  t e n  m in u t e s ,  t h e  t o e p l e r i z a t i o n  was b eg u n . 

F o l lo w in g  t h e  f i n a l  t o e p l e r i z a t i o n ,  t h e  m e rc u ry  was f o r c e d  up 

i n t o  t h e  c a p i l l a r y  a b o u t  a  q u a r t e r  o f  an  i n c h  from  a  c o n s t r i c ­

t i o n  j u s t  be lo w  t h e  c a p i l l a r y - b r e a k  s e a l  f u s e  j o i n t .  The 

b r e a k  s e a l  tu b e  c o n t a i n i n g  t h e  n o n - c o n d e n s a b le  g a s e s  was t h e n  

s e a l e d  o f f .  A s m a l l  amount o f  t h e  n o n - c o n d e n s a b le s  was l o s t  

by t h i s  m e th o d , b u t  i t  p ro v e d  e f f i c i e n t .

The b a t h  was rem oved from  t h e  am poule  cham ber and  t h e  

r e m a in in g  (n o n -c o n d e n sa b le )  g a s e s  w e re  f r o z e n  i n t o  a n o th e r  b r e a k  

s e a l  a p p a r a t u s  w h ic h  h a d  b e e n  p r e v i o u s l y  a t t a c h e d  t o  t h e  m ain  

m a n i f o ld .  T h is  v e s s e l  was t h e n  s e a l e d  o f f .
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4 .  C o b a l t  60 S o u rc e

The gamma r a y  s o u r c e  was c a l i b r a t e d  f o r  e a c h  p o s i t i o n  

w i t h  a  F r i c k e  d o s im e te r  s o l u t i o n ,

1 .2 6  x 10~3 M - Fe(NH4 ) 2 (S04 ) 2 * 6H20

1 .1 5  x  10“3 M - NaCl

4 . 0  x  1 0 "1 M H2S04 (95-98%)

5 m l.  e a c h  o f  t h e  s o l u t i o n  w e re  p i p e t t e d  i n t o  tu b e s  w h ic h

re s e m b le d  t h e  i r r a d i a t i o n  a m p o u le s .  F o r  e v e ry  run., e i g h t  o f

t h e  f i l l e d  tu b e s  w ere  p l a c e d  i n  a p p r o p r i a t e  p o s i t i o n s  a ro u n d

t h e  i n t e r i o r  o f  t h e  h o l d e r  u s e d  t o  s e c u r e  t h e  am poules d u r i n g

i r r a d i a t i o n .  The p o s i t i o n  Of t h e  h o l d e r ,  and  t h e r e f o r e  t h e

s a m p le s ,  c o u ld  n e v e r  be  e x a c t l y  d u p l i c a t e d  e i t h e r  d u r in g

sam p le  i r r a d i a t i o n s  o r  c a l i b r a t i o n  r u n s .  The s o l u t i o n s  w ere

e x p o se d  t o  t h e  gamma r a y s  f o r  a  g iv e n  t im e  i n t e r v a l  i n  e a c h

ru n  and t h e i r  o p t i c a l  d e n s i t y  was d e te r m in e d  a t  2 6 .5 °C  w i t h

a  Beckman DU s p e c t r o p h o t o m e t e r  e q u ip p e d  w i t h  1 cm. q u a r t z

c e l l s ,  t h e  u n i r r a d i a t e d  s o l u t i o n  s e r v i n g  a s  a  r e f e r e n c e .
-1  -1U sin g  t h e  v a l u e  o f  2201 l i t e r  m ole  cm. a t  2 5 °C f o r  t h e

+3 13e x t i n c t i o n  c o e f f i c i e n t  o f  Fe a t  305 m u g iv e n  by  A l l e n  ,
+3t h e  c o n c e n t r a t i o n  o f  t h e  Fe io n  and t h e  d o se  r a t e  w ere  

c a l c u l a t e d  f o r  e a c h  p o s i t i o n .  S in c e  t h e  e x t i n c t i o n  c o e f f i ­

c i e n t  h a s  a  t e m p e r a t u r e  c o e f f i c i e n t  o f  + 0 .7  °L d e g .  C \  t h e  

d o se  r a t e  was c o r r e c t e d  a c c o r d i n g l y .
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P o s i t i o n  Number ^  - 1  
Dose R a te  -  ev gm.

1 9 .1 X 1016

2 7 .9 X 1016

3 7 .9 X 1016

4 8 .0 X 1016
165 9 .1 X 10

6 1 0 .2 X 1016

7 1 1 .0 X 1016

8 1 0 .2 X 1016

F o r  g a s e s ,  t h e  d o se  r a t e  m ust b e  f u r t h e r  c o r r e c t e d  

by a  f a c t o r  o f  t h e  r a t i o  o f  t h e  e l e c t r o n  d e n s i t y  o f  m e t h y l ­

am ine to  t h a t  o f  w a t e r ,  1 .0 4 .

D. Mass S p e c t r o m e te r  A n a ly s i s

The n o n - c o n d e n s a b le  g a s e s ,  a t  - 1 6 0 °C, from  t h e  

r a d i a t i o n  o f  m o n om eth y lam in e-d 2 (MAd2 ) w ere  a n a ly z e d  by F.

M. R o b e r ts  o f  T e x a c o ,  I n c . ,  B eacon , New Y ork , u s i n g  a Con­

s o l i d a t e d  E le c t r o d y n a m ic  C o r p o r a t i o n  Model 12-103C m ass s p e c ­

t r o m e t e r  a t  an  i o n i z i n g  v o l t a g e  o f  70 v o l t s .  The n o n -c o n d e n ­

s a b l e  g a s e s  from  t h e  i r r a d i a t i o n  o f  e q u a l  and n o n - e q u a l  m ole  

m ix t u r e s  o f  m onom ethylam ine (MA) and m o n o m e th y 1 -d ^ -a m in e -d 2 

(MAd,.) w e re  ru n  i n  t h e  same m odel i n s t r u m e n t  u s i n g  t h e  same 

i o n i z i n g  v o l t a g e  by  A. E. W il l ia m s  o f  P e t ro le u m  A n a l y t i c a l

R e s e a r c h  C o r p o r a t i o n ,  H o u s to n ,  T e x a s .  The d a t a  w e re  a n a ly z e d
/ 14by  t h i s  w r i t e r  m aking  u s e  o f  s t a n d a r d  mass s p e c t r a l  t a b l e s

and  t h e  r e d e t e r m in e d  m ass s p e c t r a  o f  t h e  d e u te r o m e t h a n e s .

Due to  a i r  p r e s e n t  (10-207.) i n  t h e  m ass s p e c t r o m e t e r ,  i t  was

i m p o s s i b l e  t o  d e te r m in e  t h e  p r e s e n c e  o f  CH2D2 ; t h e r e f o r e ,  a l l

m e th an e  i s o t o p e  a n a l y s e s  i n  t h e  MA-MAd,. s e r i e s  n e g l e c t  C ^ E ^ *
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The m e th an e  s p e c t r a  w e re  n o t  c o r r e c t e d  f o r  t h e  C i s o t o p e  

s i n c e  e r r o r  i n  t h e  a n a l y s i s  o f  t h e  m e th an e s  was g r e a t e r  (10%) 

t h a n  t h e  c o r r e c t i o n .  T h is  l a r g e  e r r o r  was due to  a i r  p r e s e n t  

c o u p le d  w i t h  t h e  s m a l l  am ounts o f  m e thane  p r e s e n t .  The e r r o r  

i n  t h e  h y d ro g e n  i s o t o p e  a n a l y s i s  was 1-2%. The s p e c t r a  w ere  

n o t  c o r r e c t e d  f o r  i s o t o p i c  h y d ro g e n  i m p u r i t y .

The f o u r  c o m p le t e ly  n o n d e u t e r a t e d  sam p le s  w ere  a n a ­

ly z e d  by  G o l lo b  A n a l y t i c a l  S e r v i c e ,  B e r k e le y  H e i g h t s ,  New 

J e r s e y .  A C o n s o l i d a t e d  E le c t r o d y n a m ic s  C o r p o r a t i o n  Model 

21-620A i n s t r u m e n t  was u s e d  em p loy in g  an i o n i z i n g  v o l t a g e  o f  

70 v o l t s .
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RESULTS

The gamma r a d i o l y s i s  o f  m onom ethylam ine was s t u d i e d  

a t  a m b ie n t  t e m p e r a t u r e s  and  c o n s t a n t  t o t a l  d o se  w i t h i n  a 

g iv e n  s e r i e s  o f  e x p e r i m e n t a l  r u n s .

P r o d u c t s  n o t  p r e v i o u s l y  r e p o r t e d  f o r  t h e  r a d i o l y s i s

w ere  foun d  by  u s e  o f  t h e  mass s p e c t r o m e t e r  i n  t h e  a n a ly s e s
*

o f  b o t h  n o n - c o n d e n s a b le  and c o n d e n s a b le  f r a c t i o n s  o f  th e  

i r r a d i a t e d  g a s .  E th a n e ,  n i t r o g e n ,  t r i m e t h y l a m i n e ,  e x am in e , 

and  exam ine  ( s p e c i f i c  compounds w ere  n o t  d e te rm in e d )  a r e  th e  

new ly  d e t e c t e d  p r o d u c t s ;  th e y  a r e  a l l  a  s m a l l  f r a c t i o n  o f  

t h e  m a jo r  p r o d u c t s  (h y d ro g e n ,  ammonia, m e th a n e ,  and  d i m e t h y l ­

am ine) r e p o r t e d  i n  t h i s  w ork and i n  e a r l i e r  w o rk . N e i th e r  

a z o m e th a n e ,  e t h y l e n i m i n e ,  n o r  a  p o ly m e r  w as d e t e c t e d  as  i n  

t h e  m ore r e c e n t  p h o to c h e m ic a l  s t u d y .

T a b le  1 g i v e s  t h e  e x p e r i m e n t a l  c o n d i t i o n s  f o r  th e  

i r r a d i a t i o n s .  T a b le s  2 and  3 show t h e  r e s u l t s  o f  mass s p e c ­

t r o m e t e r  a n a l y s e s  on e x p e r i m e n t a l  r u n s . T a b le s  4 and 5 

i l l u s t r a t e  t h e  r e s u l t s  o f  i s o t o p i c  a n a l y s e s  o b t a i n e d  from  t h e  

m ass s p e c t r a  f o r  h y d ro g e n  and m e th an e  p ro d u c e d  from  t h e  r a d i ­

o l y s i s  o f  t h e  d i d e u t e r o  compound and m ix t u r e s  o f  n o n - d e u t e r a t e d  

and c o m p le t e ly  d e u t e r a t e d  m onom ethy lam ine . T h ese  r e s u l t s  r e ­

f l e c t  t h e  5% i s o t o p i c  i m p u r i t y  (CH^NDH) i n  t h e  d i d e u t e r o  

s p e c i e s  and  i n  t h e  c o m p le t e ly  d e u t e r a t e d  compound (CIU^NDH).

A. I s o t o p i c  H ydrogen A n a ly s i s

I n  t h e  r a d i o l y s i s  o f  m o nom eth y lam ine -d2 , HD and 

D2 w e re  d e t e c t e d ,  t h e  ^ / H D  r a t i o  i s  a p p r o x im a te ly  2 w i t h  D2 

b e in g  a b o u t  one t e n t h  o f  t h e  HD. T h ese  r e s u l t s  a r e  c o n s i s t e n t

*
Those g a s e s  n o t  c o n d e n s a b le  a t  -16 0  C a r e  d e s i g n a t e d  non -  
c o n d e n s a b le .
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T able 1

R a d i o l y s i s  Sam ples

I n i t i a l  ^ I n i t i a l
Sam ple m oles x  10 P r e s s u r e

 No. m e th y lam in e  ( a t m . )

MA-2 1 7 .9  1 .0 0

MA-3 2 7 .5  1 .4 9

MA-4 3 9 .5  2 .3 0

MA-Ar-71* 2 8 .1  1 .7 2

MA-14A 1 7 .5  1 .0 3

MAd2 -15A 2 7 .4  1 .5 2

MAd2 -15  2 8 .0  2 .1 3

MAd2 -16 4 0 .8  2 .1 5

MAd2 -A r-5 1 *  3 9 .4  2 .3 5

* -5
— • 3 .1  x  10 m oles  o f  Argon added

MA = m onom ethylam ine 

MAd2 = m ono m ethy lam in e -d 2

T o t a l  Dose 

x lO  ^  (ev )

7 .4 5  

7 .2 5  

7 .3 5

7 .4 5

-8 .3 2

8 .5 0  

8 .4 0

8 .5 0

8 .5 1

c o n t i n u e d -
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T ab le  1 c o n tin u ed  -

Sample 
No. '

I n i t i a l  ^ 
m o les  x  10 
m e th y lam in e

I n i t i a l
P r e s s u r e

( a tm .)

T o t a l  Dose 

x lO  ^  (ev )

MA-MAd5 -31A MA - 1 1 .1  
M A d^-11.1 1 . 2 0 1 1 .7

MA-MAd5 -51A MA -1 7 .3  
MAd5 - 1 6 .4 1 .9 9 1 1 .5

MA-MAd5 -6 lA MA - 2 1 .5  
MAd5 - 2 1 .9 2 .0 8 1 1 .7

M A -M A dj--101
MA - 5 .8  
MAd5 - 1 0 .9 0 .9 8 9 .6

MA-MAd^-lllA MA - 1 7 .4  
MAd5 - 1 1 .0 1 .6 0 1 0 . 6

MA-MAd5 -121A MA - 2 7 .2  
MAd^-10.8 2.21 11.0

MA-MAd^-131 MA - 3 9 .4  
MAd5 - 1 1 .2 2 .6 4 1 1 .4

MA = m onomethyl amine 

MAd,. = m o n o m e th y l-d 2 -a m in e-d 2



T ab le 2

Mass S p e c t r a l  A n a ly se s  o f  P r o d u c ts  (Vol.%)

N on-C o ndensab le  F r a c t i o n  C o n d e n sa b le  F r a c t i o n
Sample

No. H2 CH.4 C2H6 n2 ch3nh2 nh3 (CH3) 2NH ( ch3 ) 3n C. amine 4 exam ine

MA-2 9 4 .0 3 .7 0 .1 0 .4 8 5 .0 1 4 .0 0 .5 0 .0 6 0 .0 2 < 0 . 0 1

MA-3 9 5 .3 3 .9 0 .2 0 .3 - - - - - -

MA-4 9 5 .2 3 .4 0 .2 0 .2 4 9 .0 5 0 .6 0 .4 0 .0 8 0 .0 2 0 .0 1

MA-Ar-71 9 4 .3 5 .3 0 .4 N.D.

N.D. = n o t  d e t e c t e d



T ab le 3 .

Mass S p e c t r a l  A n a ly se s  o f  P ro d u c ts  (Vol.%)

Sample No. H2 CH^ Sample No. H2 CH^

MAd£ -14A 9 7 .5  2 .5  MA-MAd^-31A 9 5 .0  5 .0

MAd2 -15A 9 7 .0  3 .0  MA-MAd^-51A 9 6 .1  3 .9

MAd2-15  9 6 .9  3 . 1  MA-MAd5 -61A 9 5 .8  4 .2

MAd2-1 6  9 6 .8  3 .2  MA-MAd5 -101 9 5 .4  4 .6

MAd2-A r-5 1  9 6 .3  3 .7  MA-MAd5 - l l l A  9 5 .2  4 .8

MA-MAd5 -121A 9 5 .5  4 .5

MA-MAd^-131 9 6 .1  3 .9

N o te :  CoH^ and N„ w ere  n o t  t a k e n  i n t o  c o n s i d e r a t i o n  i n  t h e  a n a l y s e s .
2. o L

N3N>
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T ab le  4

I s o t o p i c  A n a ly s e s  o f  t h e  N on -C o ndensab le  F r a c t i o n s

from  CH3ND2 (%)

H ydrogen_________  M ethane*

Sam ple No. h 2 HD ' Jk CH.4 ch3d

MAd2 -14A 6 5 .7 3 0 .5 3 .8 68 32

MAd2-15A 6 6 .4 3 0 .6 3 .0 80 20

MAd2 -15 6 5 .5 3 1 .0 3 .5 80 20

MAd2 -16 7 0 .4 2 6 .8 2 .8 82 18

MAd2 ~Ar-51 6 8 .0 2 9 .1 2 .9 100 N.D.

*
No o t h e r  form s o f  i s o t o p i c  m e th an e  d e t e c t e d  

N.D. -  n o t  d e t e c t e d



T able 5

I s o t o p i c  A n a ly se s  o f  H ydrogen and M ethane from  CH^N^-CDglTC^ (%)

Hydrogen________   M ethane*

Sam ple No. H2 i m
°2 CH.4 ch3d cd3h CD.4

MA-MAd5 -31A 5 8 .5
\

3 2 .6 8 .9 23 38 31 8

MA-MAdc-SlA i 5 6 3 .2 2 9 .6 1 0 .2 22 40 30 8

MA-MAd5 -6 lA 5 9 .4 3 2 .0 8 .6 23 41 28 8

MA-MAd5 -101 4 7 .5 4 0 .8 1 1 .7 18 27 46 9

MA-MAd5 - l l l A 6 6 .3 2 5 .8 7 .9 40 25 26 9

MA-MAd5 -121A 7 6 .1 1 9 .9 4 .2 45 25 22 8

MA-MAd^-131 8 0 .7 1 7 .0 2 .6 57 19 17 7

*
n o t  d e te r m in e d

to
•p>
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o v e r  a  2 .3  f o l d  i n c r e a s e  i n  i n i t i a l  number o f  m o les  and  a 

2 - f o l d  i n c r e a s e  i n  i n i t i a l  p r e s s u r e .  The t o t a l  d o se  was 

e s s e n t i a l l y  h e l d  c o n s t a n t .  T h e re  i s  no s i g n i f i c a n t  ch an ge  

i n  t h e  r e s u l t s  from  t h e  sam ple  c o n t a i n i n g  added  a rg o n .

Two s e r i e s  o f  m ix t u r e s  o f  m onom ethylam ine and  mono- 

m e th y l -d ^ - a m in e - d ^  w ere  s t u d i e d .  One o f  t h e  s e r i e s  (MA-MAd,.- 

31A th r o u g h  61A) c o n s i s t e d  o f  an e q u a l  m ole  m ix t u r e .  I n  th e  

o t h e r  (MA-MAd^-101 a h ro u g h  1 3 1 ) ,  t h e  num ber o f  m o les  o f  t h e  

c o m p le t e ly  d e u t e r a t e d  am ine was h e l d  c o n s t a n t  and t h e  number 

o f  m o les  o f  t h e  n o n d e u t e r a t e d  compound was v a r i e d  from  one 

h a l f  t o  more th a n  t h r e e  t im e s  (a  6 - f o l d  i n c r e a s e  i n  MA) t h a t  

o f  th e  d e u t e r a t e d  am ine ( s e e  T a b le  1 ) .

The a n a l y s i s  o f  t h e  e q u a l  m ole  m ix tu r e  shows th e  

m a jo r  com ponents o f  h y d ro g e n  to  be  and  HD i n  t h e  r a t i o  o f  

r o u g h ly  2 t o  1 ,  w i t h  s l i g h t l y  g r e a t e r  th a n  one t h i r d  o f  

HD. The r e s u l t s  a r e  c o n s i s t e n t  o v e r  a  2 - f o l d  i n c r e a s e  i n  

i n i t i a l  number o f  m o le s  and  s l i g h t l y  l e s s  th a n  a 2 - f o l d  i n ­

c r e a s e  i n  i n i t i a l  p r e s s u r e ;  t h e  t o t a l  d o se  was h e l d  c o n s t a n t .

In  th e  v a r y in g  m ole  s e r i e s ,  t h e  r e l a t i v e  am ounts o f  

H^, HD, and  D2 v a r y  from  a r a t i o  o f  4 : 4 : 1 ,  a t  t h e  lo w e s t  

num ber o f  m o les  o f  i n i t i a l  u n d e u t e r a t e d  am in e , t o  a  r a t i o  o f  

4 0 : 1 0 : 1 ,  a t  t h e  h i g h e s t  number o f  m o le s .  The r e s u l t s  o f  

sam p le  MA-MAd^-31A ( e q u a l  m ole  s e r i e s )  f i t  w e l l  i n t o  t h e  

g e n e r a l  t r e n d  o f  t h e  v a r y i n g  s e r i e s  a s  w ou ld  b e  e x p e c te d  

from  th e  i n i t i a l  c o n d i t i o n s  o f  MA-MAd^-31A. T h is  t r e n d  i s  

o v e r  a  2 .7  f o l d  i n c r e a s e  i n  i n i t i a l  p r e s s u r e  w i t h  a  15% 

v a r i a t i o n  o f  d o se  i n  one  sa m p le ,  MA-MAd^-101.

C om parisons  o f  v a r i o u s  h y d ro g e n  i s o t o p e  r a t i o s  a r e  

g iv e n  i n  T a b le s  6 and  7 .

B. I s o t o p i c  M ethane A n a ly s i s

The r a d i a t i o n  m eth an e  p r o d u c t s  o f  t h e  d i d e u t e r o  amine 

a r e  CH^ and  CH^D, t h e r e  i s  no i n d i c a t i o n  o f  CH2D2 p r e s e n t .
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T a b le  6

C om parison  o f  I s o t o p i c  A n a ly se s  

(CH3ND2 System )

c o  1 H0  Ho H D ,  CH.

^flo m  ^°2 2 4/CH3D

MAd2 -14A 2 .2 17 8 .0 2 .1

MAd2 -15A 2 .2 22 10 4 .0

MAd2 -15 2 .1 19 8 .9 4 .0

MAd£ -16A 2 .6 25 9 .5 4 .5

MAd2 -A r-5 1 2 .4 24 10 -



T ab le 7

C om parison  o f  I s o t o p i c  A n a ly se s

(CH^NH2-CD3ND2 mixt:ure)

Sample
No.

MA/
7MAd5

H2
/ HD

H2
2

HD,

2

CH,
/ ch3d

CH„D
/ cd3h

CH.
/  Cl

MA-MAd5 -31A 1 .0 1 .8 6 .6 3 .7 0 .6 1 1 .2 2 .9

MA-MAd5 -51A 1 .1 2 .1 6 .2 3 .0 0 .5 5 1 .3 2 .7

MA-MAd5 -61A 0 .9 8 1 .9 6 .9 3 .8 0 .5 6 1 .5 2 .9

MA-MAdj--101 0 .5 3 1 .2 4 .1 3 .5 0 .6 7 0 .5 9 2 .0

MA-MAd^-lllA 1 .6 2 .6 8 .4 3 .3 1 .6 0 .9 6 4 .4

MA-MAd5 -121A 2 .5 3 .8 18 4 .6 1 .8 1 .1 5 .6

MA-MAd^-131 3 .5 4 .7 31 6 .5 3 .0 1 .1 8 .2

ho
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CELjD and CD^H a r e  t h e  m a jo r  m e th an e s  i n  t h e  r a d i a t i o n  o f  th e  

CH^Nl^-CDgtn^ e q u a l  m ole  m ix tu r e  s e r i e s .

The r e l a t i v e  am ounts o f  CH^, CH^D, CD^H show a  t r e n d  

c o n s i s t e n t  w i t h  t h e  r a t i o .  CD^H i s  t h e  m a jo r

com ponent a t  t h e  low CH^NH^ c o n c e n t r a t i o n  w h i l e  CH^ i s  p r e ­

d o m in an t a t  t h e  h i g h  CH^N^ c o n c e n t r a t i o n .

C om parisons  o f  v a r i o u s  r a t i o s  o f  i s o t o p i c  m e th an e s  

a r e  g iv e n  i n  T a b le s  6 and  7. B e ca u se  o f  t h e  e r r o r  in v o lv e d  

i n  t h e  i s o t o p e  a n a l y s i s ,  t h e s e  v a lu e s  c a n  b e  o n ly  t a k e n  as  

a p p ro x im a t io n s  o r  t o  i n d i c a t e  a  t r e n d .
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DISCUSSION

The p u r p o s e  o f  t h i s  w ork  i s  t o  e l u c i d a t e ,  w i t h  th e

a i d  o f  i s o t o p i c  a n a l y s i s  o f  t h e  h y d ro g e n  and m e th an e  p r o d u c e d ,

t h e  p r im a ry  p r o c e s s ,  o r  p r o c e s s e s ,  i n v o lv e d  i n  h y d ro g e n  and

m eth an e  p r o d u c t i o n  i n  t h e  gamma r a d i o l y s i s  o f  m onom ethylam ine .
\ '

The e l e c t r o m a g n e t i c  r a d i a t i o n  o f  c o b a l t - 6 0  (1 .1 7  and

1 .3 3  Mev) g i v e s  up e n e rg y  t o  t h e  m e th y lam in e  th ro u g h  s e c o n d a ry  

e l e c t r o n s  p ro d u c e d  by  t h e  Compton e f f e c t .  The Compton e f f e c t  

i s  an  e l a s t i c  c o l l i s i o n  b e tw ee n  a  p h o to n  and a s i n g l e  e l e c ­

t r o n ,  u s u a l l y  a t  t h e  w a l l  o f  t h e  c o n t a i n e r  i n  t h i s  c a s e .  The 

i n c i d e n t  p h o to n  g i v e s  up a  p o r t i o n  o f  i t s  e n e rg y  to  t h e  e l e c ­

t r o n  and a p h o to n  o f  lo w e r  e n e rg y  i s  e m i t t e d .  The Compton 

e l e c t r o n  h a v in g  an e n e rg y  s p e c t ru m  o f  0 t o  1 .0 4  M ev ., i n t e r ­

a c t s  w i t h  t h e  s y s te m  p r o d u c in g  i o n i z a t i o n  and e x c i t a t i o n .

The f o l lo w in g  p o s s i b l e  p r im a r y  d i s s o c i a t i o n s  o f  g a se o u s  

m onom ethylam ine may be  c o n s i d e r e d .

ch3nh2 -> H + CH2NH2 (14)

ch, nh2 -> H + CH3NH
(15)

ch3nh2 -> h2 + ( ch3n ) (16)

CH3NH2 -> ch3 + nh2
(17)

CHj NH;, -> CH3NH2 + e (18)

ch3nh2+ f ra g m e n ts

CH3NH2 -> CH,N+ + H + e 4 (19)

CHj NHj -> CH2N+ + (H2  + H) + e (20)

R e a c t io n  (16) i s  p r e s e n t e d  a s  an  exam ple  o f  i n t r a m o l e c u l a r  

f o r m a t io n  o f  h y d ro g e n ,  s i m i l a r  t o  t h e  r e a c t i o n s  d i s c u s s e d  i n
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2 3t h e  w ork  o f  Dorfman and  Okabe on t h e  e th a n e  sy s te m . The 

f r a g m e n t  CH^N m ig h t  h a v e  any one o f  t h e  fo rm s :  CH^NH, CH^N, 

CHNH2 . r e l a t i o n s h i p s  i n  ( 1 8 ) ,  ( 1 9 ) ,  and  (20) a r e  a s s o c i ­

a t e d  w i t h  th e  m a jo r  p e a k s  o f  m onom ethylam ine o b s e r v e d  i n  a
14m ass s p e c t r o m e t e r .  I t  i s  w o r th w h i le  t o  c o n s i d e r  t h e s e

r e a c t i o n s  s i n c e  t h e r e  h a s  b e e n  some s u c c e s s  i n  p r e d i c t i n g

y i e l d s  and  p r o d u c t s  o f  r a d i a t i o n  s t u d i e s  o b s e rv e d  from  t h e

mass s p e c t r o m e t e r  s p e c t r a l  p a t t e r n . ^  R e c e n t l y ,  S t i e f  and 
4

A u s lo o s  h a v e  a p p l i e d  t h i s  ty p e  o f  a n a lo g y  s u c c e s s f u l l y  i n  

s t u d i e s  o f  t h e  gamma r a d i o l y s i s  o f  CH^CD^. R e a c t io n s  (18) 

and (20) c o u ld  b e  q u i t e  s i g n i f i c a n t  com pared  t o  r e a c t i o n  

(19) s i n c e  i n  th e  mass s p e c t r a ,  w i t h  t h e  p e a k  i n t e n s i t y  a t  

m ass 30 ta k e n  as  100 , t h e  p e a k  i n t e n s i t i e s  a t  mass 31 and

m ass 28 a r e  56 and 8 8 ,  r e s p e c t i v e l y .  The f r a g e m e n ts  CH.N+
+ 17and  C ^ N  h a v e  n o t  b e e n  c h a r a c t e r i z e d .

The t r a c k  c o n c e p t  d i s a p p e a r s  i n  t h e  g a se o u s  s t a t e ,

t h e r e f o r e ,  r e a c t i o n  o f  any h y d ro g en  atom  w i t h  th e  s u b s t r a t e

w ou ld  t a k e  p l a c e  w i t h  a  g r e a t e r  p r o b a b i l i t y  t h a n  w i t h  a n o th e r

h y d ro g e n  atom  to  y i e l d  t h e  h y d ro g e n  m o le c u le .

H + CH3NH2 CH4N + H2 (21)

S u b s e q u e n t  r e a c t i o n  o f  t h e  io n s  i n  ( 1 8 ) ,  ( 1 9 ) ,  and  (20) c o u ld  

l e a d  t o  v a r i o u s  m o le c u l a r  s p e c i e s .

I n s p e c t i o n  o f  T a b le  3 i n d i c a t e s  t h a t  H2 i s  t h e  m ost 

a b u n d a n t  h y d ro g en  fo rm ed  i n  th e  r a d i o l y s i s  o f  T h is

r e s u l t  d i f f e r s  m a rk e d ly  from  t h o s e  o f  t h e  m ore r e c e n t  s tu d y ^  

o f  t h e  p h o t o l y s i s  o f  CH3ND2 w here  a n a l y s i s  o f  t h e  h y d ro g e n  

y i e l d e d  H2 -  16%, HD -  81%, D2 -  3% com pared  t o  H2 -  67%,

HD - 30%, D2 - 3% from  t h i s  w ork . The p h o to c h e m ic a l  s tu d y  was 

c o n d u c te d  a t  141 mm. Hg p r e s s u r e .  In  b o th  t h i s  p r e s e n t  s tu d y  

an d  t h e  p r e v i o u s  one  i n  r a d i o l y s i s  t h e r e  i s  no i n d i c a t i o n  

o f  f l u c t u a t i o n  i n  t o t a l  h y d ro g e n  p r o d u c t i o n  o r  v a r i a t i o n  i n
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i s o t o p i c  d i s t r i b u t i o n ,  w i t h i n  e x p e r im e n ta l  e r r o r ,  c o r r e s p o n ­

d in g  t o  a  change  i n  p r e s s u r e .  A d d i t io n  o f  7 .3  m ole  p e r c e n t
18a rg o n  ( i o n i z a t i o n  p o t e n t i a l ,  Ar = 1 5 .8  ev , CH~NH9 = 8 .9 7  - 

18 199 .4 1  ev ’ ) a p p a r e n t l y  h as  no e f f e c t .

R e a c t io n s  (18) th ro u g h  (20) c a n n o t  be  c o n s i d e r e d  im­

p o r t a n t  i n  h y d ro g en  p r o d u c t i o n  s i n c e  n e i t h e r  t o t a l  h y d ro g en  

y i e l d  n o r  r e l a t i v e  abundance  o f  t h e  i s o t o p i c  form s o f  h y d r o ­

gen  change  on a d d i t i o n  o f  a rg o n .  R e a c t io n s

Ar+ + CH3NH2 Ar + CH3NH2+ (22)

Ar+ + CH3NH2 -» Ar + CH4N+ + H (23)

Ar+ + CH3NH2 Ar + CH2N+ + (H2 + H) (24)

20s h o u ld  b e  o p e r a t i v e  and  enhance  t o t a l  h y d ro g en  p r o d u c t i o n .  

R e a c t io n  (24) may have  an e f f e c t  on i s o t o p i c  d i s t r i b u t i o n .

I f  r e a c t i o n  (16) w ere  o f  m a jo r  c o n se q u e n c e ,  a  l a r g e r  

q u a n t i t y  o f  HD ( a p p ro x im a te ly  60%) w ould  b e  e x p e c te d  from  

t h e  CH3ND2 . I n  t h e  CH3NH2-CD3ND2 e q u a l  m ole s e r i e s  n e g l i ­

g i b l e  amounts o f  HD s h o u ld  r e s u l t .  N e i t h e r  a r e  i n  ag re em e n t 

w i t h  e x p e r im e n t .  The above r e s u l t s  a r e  b a s e d  on t h e  t h e o r y  

t h a t  t h e  c a rb o n  and n i t r o g e n  b o t h  f u r n i s h  a  h y d ro g en  atom 

( b i n u c l e a r  i n t r a m o l e c u l a r i t y * ) . I f  m o le c u la r  h y d ro g e n  i s  

fo rm ed from  c a rb o n  a lo n e  and from  n i t r o g e n  a lo n e  (m o non uc lea r  

i n t r a m o l e c u l a r i t y ) ,  H2 and D2 s h o u ld  b e  t h e  m a jo r  c o n s t i t u ­

e n t s  i n  b o th  s e r i e s .  T a b le  3 and T a b le  4 do n o t  i n d i c a t e  

t h i s  t o  be  th e  c a s e .

The q u e s t i o n  o f  w h e th e r  c a rb o n  and n i t r o g e n  a r e  

e q u a l l y  e f f e c t i v e  i n  f u r n i s h i n g  h y d ro g e n ,  e i t h e r  a to m ic  o r

A lth o u g h  t h e  te rm  " i n t r a m o l e c u l a r i t y "  does n o t  a p p e a r  i n  
W e b s t e r 's  d i c t i o n a r y ,  i t  i s  u s e d  h e r e  f o r  c l a r i t y .
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m o l e c u l a r ,  h a s  n o t  b e e n  r e s o l v e d .  B r i n t o n  , i n  a  s tu d y  o f

m e th y l  r a d i c a l  a b s t r a c t i o n  o f  h y d ro g e n  from  v a r i o u s  am ines

a t  1 5 6 °C, shows a l a b i l i t y  o f  t h e  h y d ro g e n  on n i t r o g e n  i n

compounds su c h  a s  d im e th y l -  and d i e t h y l a m i n e . B r i n to n  f u r t h e r

s t a t e s  t h a t  t h e  e v id e n c e  do es  n o t  s u p p o r t  n o r  c o n t r a d i c t  t h i s

i n  m onom ethy l-  and m o n o e th y lam in e  and b o t h  t h e  h y d ro g e n  on t h e

c a r b o n  and  t h e  h y d ro g e n  on t h e  n i t r o g e n  may b e  a c t i v e .  Kozak 
22and G e s s e r  , i n  a  s i m i l a r  w o rk ,  i n d i c a t e  t h e  l a b i l i t y  t o  b e

w i t h  t h e  h y d ro g e n  on t h e  c a rb o n  i n  d i e t h y l a m i n e .  T ro tm an -
23D ic k in s o n  and S t e a c i e  i n t e r p r e t  t h e  r e s u l t s  o f  a  s tu d y  o f  

a b s t r a c t i o n  o f  h y d ro g e n  from  m onom ethylam ine  by  m e th y l  r a d i ­

c a l s ,  b e tw ee n  1 8 6 -3 4 7 °C, to  i n d i c a t e  t h r e e  a c t i v e  h y d r o g e n s ,  

t h e s e  p re s u m a b ly  b e in g  on t h e  c a r b o n .

To a p p ly  t h e  l a b i l i t y  e f f e c t  t o  i n t r a m o l e c u l a r  h y d r o ­

gen  e l i m i n a t i o n  may be  s p e c u l a t i v e ,  a l t h o u g h  r e a c t i o n  (20) 

and i t s  w e ig h t  f a c t o r  i n  t h e  m ass s p e c t r a  s u p p o r t  t h e  im p o r­

t a n c e  o f  t h e  l a b i l e  h y d ro g e n .  T h is  w ou ld  b e  e s p e c i a l l y  p e r ­

t i n e n t  i f  t h e  f ra g m e n t  (CH2N)+ i s  fo u n d  t o  b e  CNH2+ . E l i m i ­

n a t i n g  t h e  p o s s i b i l i t y  o f  i o n  f o r m a t io n  may s t i l l  l e a d  to  t h e

p o s t u l a t e  t h a t

CH3NH2 CNH2 + H2 + H (25)

o r  CH3NH2 -> CHNH + H2 + H (26)

may b e  im p o r t a n t  r e a c t i o n s .  T h ese  a r e  c a s e s  o f  b o t h  i n t r a ­

m o le c u l a r  f o r m a t io n  o f  h y d ro g e n  and  p o t e n t i a l  i n t e r m o l e c u l a r  

f o r m a t io n  o f  h y d ro g e n .  I f  r e a c t i o n  (25) w e re  i m p o r t a n t ,  t h e  

p r o d u c t  h y d ro g e n  from  CH3ND2 s h o u ld  show p r i n c i p a l l y  H2 w i t h  

l i t t l e  o r  no HD o r  D2 . The r e a s o n  f o r  t h e  e x p e c te d  a b se n c e  

o f  HD and D2 i s  due to  t h e  a b s e n c e  o f  c o n t r i b u t i o n  from  n i t r o ­

gen  i n  e i t h e r  m o le c u la r  h y d ro g e n  o r  a to m ic  h y d ro g e n .  The 

r e s u l t s  from  e q u a l  m ole  m ix t u r e s  o f  CH3NH2 -CD3ND2 s h o u ld  i n ­

d i c a t e  a p p r o x im a te ly  e q u a l  am ounts  o f  H2 and  D2 w i t h  s m a l l e r
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am ounts o f  HD. T a b le s  4 and  5 do n o t  v e r i f y  t h e s e  e x p e c t a ­

t i o n s .

W ith  r e a c t i o n  ( 2 6 ) ,  t h e  CH^ND2 s e r i e s  s h o u ld  r e f l e c t  

p r i n c i p a l l y  HD. T a b le  4 does  n o t  e n f o r c e  t h i s  e x p e c t a t i o n .

Assuming t h e  h y d ro g e n  on t h e  n i t r o g e n  to  b e  a c t i v e  

a lo n g  w i t h  t h e  l a b i l i t y  e f f e c t  may l e a d  to  e x p e c te d  r e s u l t s  

i n  t h e  CH2ND2 s y s te m  t h a t  w ould  b e  i n  a g re e m e n t  w i t h  e x p e r i ­

m e n ta l  v a l u e s ,  i f  t h e  m o le c u l a r  h y d ro g e n  i s  fo rm ed  by  b i -  

n u c l e a r  i n t r a m o l e c u l a r i t y .  T h is  w ould  n o t  b e  t h e  c a s e  i f  t h e  

m o le c u l a r  s p e c i e s  a r o s e  from  m o n o n u c le a r  i n t r a m o l e c u l a r i t y  i n  

CH^ND2 . In  e i t h e r  c a s e  t h e  e x p e r i m e n t a l  d a t a  from  t h e  C H ^N ^- 

CD^ND2 e q u a l  m ole  s e r i e s  show to o  h i g h  a  c o n t e n t  o f  HD r e l a ­

t i v e  t o  H2 and  D2 f o r  t h e  m echanism s t o  b e  o f  m a jo r  c o n s e q u e n c e .

A n o th e r  e f f e c t  t h a t  m ust b e  c o n s i d e r e d  i s  t h e  i s o t o p e  

e f f e c t .  T h is  phenomenon h a s  b e e n  e n c o u n te r e d  by S t i e f  and  

A u s lo o s^  i n  a s t u d y  o f  t h e  r a d i o l y s i s  o f  CH^CD^; an  i s o t o p e  

e f f e c t  o f  1 .7  i n  f a v o r  o f  ^  f o r m a t io n  o v e r  D2 f o r m a t io n  was

fo u n d .  D orfm an^ , w o rk in g  on t h e  r a d i o l y s i s  o f  ^2^6"^2^6  eclu a -*-
m ole  m i x t u r e s ,  n o t e d  a  1 .5  f a c t o r  f a v o r i n g  H„ p r o d u c t i o n .

3Okabe and McNesby , i n v e s t i g a t i n g  t h e  p h o t o l y s i s  o f  CH^CD^, 

showed an i s o t o p e  e f f e c t  o f  s l i g h t l y  g r e a t e r  t h a n  2 . T hese  

w o rk e r s  a l l  fo u n d  l a r g e  c o n t r i b u t i o n s  due t o  i n t r a m o l e c u l a r  

f o r m a t io n  o f  h y d ro g e n .

In v o k in g  t h e  i s o t o p e  e f f e c t  i n  m o n o n u c le a r  i n t r a ­

m o l e c u l a r i t y  i n  t h e  CH2ND2 s y s te m  l e a d s  t o  a n t i c i p a t e d  y i e l d s  

show ing  a h i g h  y i e l d  o f  ^  and  D2 i n  some f i x e d  r a t i o  and 

r e l a t i v e l y  s m a l l  am ounts o f  HD. T h is  i s  n o t  t h e  e x p e r i m e n t a l  

c a s e  (T a b le  4 ) .  U s in g  b i n u c l e a r  i n t r a m o l e c u l a r i t y  u n d e r  t h e  

same c o n d i t i o n s  may l e a d  t o  a r a t i o n a l i z e d  a g re e m e n t  i n  e x ­

p e c t e d  and  e x p e r i m e n t a l  r e s u l t s  f o r  t h e  CH^M^ a l t h o u g h  t h e  

e m p i r i c a l  v a lu e  o f  Hg may b e  to o  h i g h .  I n  t h e  C H ^ N ^ - C ^ N ^
s y s te m  t h e  o b s e r v e d  v a lu e  o f  HD i s  t o o  h i g h  t o  make t h e  r e s u l t
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m e a n in g f u l  i n  te rm s  o f  b i n u c l e a r  i n t r a m o l e c u l a r  f o r m a t io n  o f  

h y d ro g e n .

A c o m b in a t io n  o f  t h e  l a b i l i t y  e f f e c t  and  t h e  i s o t o p e  

e f f e c t  c o u p le d  w i t h  i n t r a m o l e c u l a r  e l i m i n a t i o n  o f  m o le c u la r  

h y d ro g e n  c a n n o t  e x p l a i n  t h e  r e l a t i v e l y  h ig h  HD p e r c e n t a g e  i n  

t h e  p r o d u c t  h y d ro g e n  from  t h e  e q u a l  m ole  CH2NH2 -CD2ND2 s e r i e s .

The d a t a  a p p e a r  n o t  t o  s u p p o r t  r e a c t i o n s  ( 1 6 ) ,  (25) 

and (26) a s  m a jo r  c o n t r i b u t o r s  t o  t h e  p r im a ry  d i s s o c i a t i o n  

p r o c e s s .

R e a c t io n  (17) i s  g iv e n  i n  r e g a r d  t o  m e thane  f o r m a t io n  

and  w i l l  b e  t r e a t e d  l a t e r  i n  t h e  t e x t .

The e v id e n c e  m ust now b e  c o n s i d e r e d  i n  l i g h t  o f  r e a c ­

t i o n s  (14) and ( 1 5 ) .  The d e c i s i o n  o f  s e l e c t i n g  one r e a c t i o n
24o v e r  t h e  o t h e r  i s  a  d i f f i c u l t  o n e .  U s in g  therm odynam ic  d a t a  

on t h e  s t a n d a r d  m o la r  h e a t  o f  f o r m a t io n  o f  m onom ethylam ine
25and t h e  h y d ro g e n  atom  and t a k i n g  bond  e n e r g i e s  o f  C-H and  N-H 

to  b e  bond  d i s s o c i a t i o n  e n e r g i e s  u s e d  a s  s t a n d a r d  m o la r  h e a t s  

o f  r e a c t i o n  does  n o t  h e l p  e l u c i d a t e  t h e  c h o i c e .  The m a n ip u la ­

t i o n  g i v e s  t h e  s t a n d a r d n a o l a r  h e a t  o f  f o r m a t io n  f o r  CH-NH =
-1  -1  3 6 .2  k c a l .  m ole  and f o r  a  v a l u e  o f  4 2 .2  k c a l .  m ole

S in c e  t h e  e q u a t in g  o f  bond  e n e rg y  and bond  d i s s o c i a t i o n  e n e rg y  

i s  n o t  s t r i c t l y  a l lo w e d  i n  t h i s  c a s e ,  t h e  c a l c u l a t i o n s  g iv e  

o n ly  a  ro u g h  a p p ro x im a t io n  and  show t h a t  t h e  h e a t s  o f  fo rm a ­

t i o n  a r e  q u i t e  c l o s e ,  m aking  a  c h o ic e  o f  one  r e a c t i o n  i n  f a v o r  

o f  t h e  o t h e r  d i f f i c u l t .

Assuming e l i m i n a t i o n  o f  h y d ro g e n  atom  from  t h e  e x c i t e d  

m onom ethyl am ine m o le c u le  f o l lo w e d  by s u b s e q u e n t  r e a c t i o n  o f  

t h e  atom  w i t h  t h e  s u b s t r a t e ,  t h e  e x p e c te d  y i e l d  o f  h y d ro g e n  

p r o d u c t s  i s  ^  -  36.0% , HD -  48.0% and D2 -  16.0% . The f i g u r e s  

a r e  b a s e d  on a  random  d i s t r i b u t i o n  o f  H and D c o n s i s t e n t  w i t h  

t h e  m o le c u le .  Any a to m -a to m  r e a c t i o n s  a r e  i g n o r e d  s i n c e  t r a c k  

e f f e c t s  a r e  c o n s i d e r e d  n e g l i g i b l e  i n  t h e  v a p o r  s t a t e .  T hese
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f i n d i n g s  a r e  n o t  i n  a g re e m e n t  w i t h  t h e  e x p e r im e n ta l  r e s u l t s .

An i s o t o p e  e f f e c t  h a s  b e e n  fo und  i n  b o t h  r a d i o l y s i s

and p h o t o l y s i s  s t u d i e s  when i n t r a m o l e c u l a r  d e ta c h m e n t  o f

h y d ro g e n  i s  c o n s i d e r e d  o f  g r e a t  im p o r ta n c e .  I t  i s  a l s o  known
26t h a t  i n  t h e  d i s s o c i a t i o n  o f  g a s e o u s  c h lo r o f o r m  i n  a  mass

s p e c t r o m e t e r  an i s o t o p e  e f f e c t  o f  a p p r o x im a te ly  3 i n  f a v o r  o f

H e l i m i n a t i o n  o v e r  t h a t  o f  D i n  t h e  d e u te r o  compound e x i s t s .
27E y r in g  and C a g le  h a v e  c a l c u l a t e d  t h e  r a t i o  o f  s p e c i f i c  r a t e  

c o n s t a n t s  o f  t h e  h y d ro g e n  and d e u te r iu m  compound f o r  t h e  above 

sy s te m  u s in g  t h e  f u n d a m e n ta l  s t r e t c h i n g  f r e q u e n c i e s  o f  t h e  

C-H and  C-D bond i n  t h e  d i f f e r e n t  s p e c i e s .  The c a l c u l a t i o n s  

showed a  f a c t o r  o f  2 .8 9  i n  f a v o r  o f  H. Em ploying  t h e  same 

a p p ro a c h *  and  t h e  v a lu e s  o f  t h e  C-H and N-D fu n d a m e n ta l
g

s t r e t c h i n g  f r e q u e n c i e s  o f  CH^NI^ from  Gray and  L o rd  r e s u l t s

k H/ kp  e x p  £  2kT ('VH " VD') J
kjj, kp = s p e c i f i c  r a t e  c o n s t a n t

c = v e l o c i t y  o f  l i g h t
i

k  = B o ltzm an n  c o n s t a n t

h  = P l a n c k ’ s c o n s t a n t

T = a b s o l u t e  t e m p e r a t u r e  (2 9 8 °K)

v = wave num ber o f  t h e  bond l i n k i n g  h y d ro g e n
to  a n o t h e r  a tom , t h i s  bond  i s  c l e a v e d  in  
t h e  r e a c t i o n

I t  i s  assum ed t h a t  t h e  p a r t i t i o n  f u n c t i o n  o f  a l l  d e g r e e s  o f  
f re e d o m , e x c e p t  f o r  r e a c t i o n  c o o r d i n a t e ,  c a n c e l  o u t .  The 
r e a c t i o n  c o o r d i n a t e  i s  t h e  bond  i n v o l v i n g  h y d ro g e n  a b s t r a c ­
t i o n  by h y d ro g en  a tom .
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i n  k jj /kp  e q u a l  t o  a p p r o x im a te ly  2 . 7 .  B ecau se  o f  t h e  n a t u r e  

o f  t h e  i n t e r a c t i o n ^  o f  h ig h  e n e rg y  (Compton) e l e c t r o n s  w i t h  

t h e  s y s te m ,  i t  i s  n o t  th o u g h t  t h a t  t h e  i s o t o p e  e f f e c t  w ould  

b e  c o n n e c te d  w i t h  t h e  i n i t i a l  e l i m i n a t i o n  o f  t h e  h y d ro g e n  

o r  d e u te r iu m  atom  from  t h e  e x c i t e d  m o le c u l e ,  b u t  may o c c u r  

i n  t h e  a t o m - s u b s t r a t e  m o le c u le  r e a c t i o n  i n  t h e  f o r m a t io n  o f  

m o le c u la r  h y d ro g e n  a t  n e a r  th e r m a l  e n e r g i e s .  A p p ly in g  t h e  

c a l c u l a t e d  v a lu e  t o  s im p le  p r o b a b i l i t y  c a l c u l a t i o n s ,  w here  

now t h e  p r o b a b i l i t y  o f  D a b s t r a c t i o n  i s  2 /5  x  1 / 3 . 7  and  t h e  

p r o b a b i l i t y  o f  H a b s t r a c t i o n  i s  l - ( 2 / 5  x 1 / 3 . 7 ) ,  t h e  e x ­

p e c t e d  v a lu e s  a r e  -  55%, HD - 42%, D2 - 3%. When t h e  

i s o t o p i c  i m p u r i t y  on t h e  n i t r o g e n  i s  c o n s i d e r e d ,  t h e  v a lu e s  

a r e  H2 - 56%, HD - 40%, D2 - 4%, com pared  t o  t h e  o b s e r v e d  

H2 - 67%, HD - 30%, D9 - 3% (T a b le  3 ) .

The i s o t o p e  e f f e c t  s h o u ld  a l s o  b e  r e f l e c t e d  i n  t h e  

H2/D 2 r a t i o  o f  t h e  CH2NH2 ~CD^ND2 e q u a l  m ole  s e r i e s .  C a lc u ­

l a t i o n s  i n d i c a t e  t h a t  t h e  i s o t o p e  e f f e c t  on t h e  c a r b o n  s h o u ld  

b e  6 .2  and on t h e  n i t r o g e n  7 .1 ;  t h e r e f o r e ,  t h e  H2/D 2 r a t i o  i n  

t h e  e q u a l  m ole  s e r i e s  s h o u ld  f a l l  b e tw e e n  t h e  l i m i t s  o f  6 .0  

and  7 . 3 .  T a b le  7 g i v e s  t h e  r a t i o  6 . 6 .

The d a t a  d e f i n i t e l y  s u g g e s t  i n t e r m o l e c u l a r  f o r m a t io n  o f  

h y d ro g e n  a s  t h e  m a jo r  p r im a r y  p r o c e s s .

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  s h i f t  i n  f a v o r  o f  H2

i n  t h e  e x p e r i m e n t a l  r e s u l t s  may b e  p r e f e r r e d  m o n o n u c le a r

i n t r a m o l e c u l a r  e l i m i n a t i o n  o f  m o le c u l a r  h y d ro g e n .  T h is  h a s
3 4b e e n  fo un d  to  b e  t r u e  by  Okabe and S t i e f  * w i t h  CH^CD^.

W ith  t h i s  se co n d  m echanism  o p e r a t i n g ,  t h e  H2 and D2 c o n t e n t  

w ould  b e  i n c r e a s e d  w h i l e  e f f e c t i v e l y  lo w e r in g  HD i n  t h e  

CH^ND2 s e r i e s .  In v o k in g  a  15% i n t r a m o l e c u l a r  e f f e c t  l e a d s  

t o  e x p e c te d  v a l u e s  o f  H2 - 65%, HD - 31% and D2 - 4%. The 

two m echanism s a r e  c o n s i d e r e d  o p e r a t i v e  a t  t h e  same t im e ,  

y e t  i n d e p e n d e n t o f  one a n o t h e r .
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A p ro b le m  a r i s e s  when t h e  r e s u l t s  d e a l i n g  w i t h  t h e

i s o t o p e  e f f e c t  on m o n o n u c le a r  i n t r a m o l e c u l a r i t y  a r e  c o n s i d e r e d .
3 4The i s o t o p e  e f f e c t  t h a t  h a s  b e e n  d e m o n s t r a te d  ’ may mean i t  

i s  o p e r a t i v e  i n  t h e  e x c i t e d  b o nds  o f  t h e  m o le c u le .  I f  t h i s  

i s  t h e  c a s e ,  th e  e x c i t e d  i s o t o p e  e f f e c t  c o u ld  a c c o u n t  f o r  

t h e  o b s e rv e d  r e s u l t s  when t h e  i n t e r m o l e c u l a r  m echanism  i s  t h e  

o n ly  c o n t r i b u t o r  t o  t h e  p r im a r y  p r o c e s s .  S in c e  t h e  a c t u a l  

m echanism  o f  m o n o n u c lea r  i n t r a m o l e c u l a r  e l i m i n a t i o n  o f  h y d r o ­

g e n  i s  n o t  u n d e r s t o o d ,  t h e  tw o-m echanism  a p p ro a c h  may b e  

t e n t a t i v e l y  c o n s i d e r e d  t h e  m ore r e a s o n a b l e  r a t i o n a l i z a t i o n .

S im p le  p r o b a b i l i t y  c a l c u l a t i o n s ,  t h a t  c o n s i d e r  t h e  

tw o-m echan ism  a p p ro a c h  and t h e  i s o t o p e  im p u r i t y  o f  t h e  d e u t e r o  

compound, w i t h  t h e  e q u a l  m o le  C H ^N ^-CD ^M ^ s e r i e s  y i e l d

r e s u l t s  o f  H2 - 56%, HD -  40%, and  D2 - 4%. T hese  f i g u r e s  a r e

i n  r e a s o n a b l e  a g re e m e n t  w i t h  t h e  o b s e r v e d  o n es  (T a b le  4 ) j t h e  

c a l c u l a t i o n s  c o n s i d e r  e v e r y  c o l l i s i o n  e f f e c t i v e .

The amount o f  m e th an e  form ed i s  o n ly  4% o f  t h e  h y ­

d ro g e n  i n  t h e  n o n - c o n d e n s a b le  f r a c t i o n  from  t h e  r a d i o l y s i s  o f  

monomethy1a m in e . I n  t h e  t h e  o n ly  m e th a n e s  d e t e c t e d

w e re  CH^ and CH^D (T a b le  3 ) .  T h is  w ould  s u g g e s t  a  r e a c t i o n

su c h  as  (17) f o l lo w e d  by

'  CH + CHaNH0 -> CH. + CH,N. (27)3 3 2 4 4

A n o th e r  p o s s i b l e  r e a c t i o n  i s

CH3NH2 CH4 + NH. (28)

The a b s e n c e  o f  CH^D i n  sam p le  MAd2~Ar-51 i s  n o t  w e l l  u n d e r ­

s t o o d  i n  l i g h t  o f  t h e  f a c t  t h a t  t o t a l  m e th an e  p r o d u c t i o n  i s  

n o t  a p p r e c i a b l y  ch an g e d  w i t h  a d d i t i o n  o f  a rg o n  i n  sa m p le s  

MA-Ar-71 and MA-Ar-51 (T a b le s  2 and  3 ) .  More w ork  s h o u ld  b e
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done on t h i s  s y s te m .  R e a c t io n s

CH3NH2+ CH3 + NH2+ (29)

CH3NH2+ CH3+ + NH2 (30)

c o u ld  b e  i m p o r t a n t .  The m a s s - c h a r g e  r a t i o  p e a k  i n t e n s i t i e s
+ + 29o f  NH2 and  CH3 i n  m e th y la m in e  show an  abu n d an ce  o f  10-15%.

The e v id e n c e  (T a b le  2) does n o t  s u p p o r t  t h e s e  r e a c t i o n s .  Be­

c a u s e  o f  t h e  l a c k  o f  i n f o r m a t i o n  on t h e  p r e s e n c e  o f  CH2D2 i n  

t h e  e q u a l  m ole  s e r i e s ,  t h e  d a t a  do n o t  l e n d  th e m s e lv e s  to  

i n t e r p r e t a t i o n  e s p e c i a l l y  i n  v iew  o f  t h e  e r r o r  i n v o lv e d  i n  

a n a l y s i s .  The r e s u l t s  o f  t h e  CH3ND2 c l e a r l y  i n d i c a t e  t h a t  

two p o s s i b l e  m echanism s i n  m e th an e  p r o d u c t i o n  m ust b e  c o n ­

s i d e r e d ,  r e a c t i o n s  (17) and  ( 2 8 ) .  Assuming t h a t  (17) i s  

o p e r a t i v e ,  t h e  d a t a  show an  i s o t o p e  e f f e c t  o f  4 i n  f a v o r  o f  

h y d ro g e n .  T h is  i s  p u r e l y  s p e c u l a t i v e  s i n c e  t h e r e  i s  no way 

o f  d e c i d i n g  b e tw e e n  t h e  two m ech an ism s.

An i n t e r e s t i n g  p o i n t  i s  r a i s e d  i n  c o n s i d e r a t i o n  o f  

t h e  c a r b o n - n i t r o g e n  bond  r u p t u r e .  Com paring t h e  s t r e n g t h

o f  t h e  C-N bond  i n  CH„NH9^ (80 k c a l . )  r e l a t i v e  t o  t h e  s t r e n g t h
25 25o f  t h e  C-H bond  ( a p p r o x im a te ly  100 k c a l . )  o r  t h e  N-H bond

( a p p r o x im a te ly  95 k c a l . )  may l e a d  to  t h e  c o n c l u s i o n  t h a t  more

p r o d u c t s  s h o u ld  b e  p ro d u c e d  by  C-N bond s c i s s i o n  th a n  by  C-H

o r  N-H bond s c i s s i o n .  T h is  i s  n o t  t h e  c a s e  i n  t h e  gamma
2 4r a d i o l y s i s  o f  e th a n e  ’ (C-C bond  s t r e n g t h  = 82 k c a l . ) ,  t h e
3 7 p h o t o l y s i s  o f  e th a n e  , t h e  p h o t o l y s i s  o f  m e th y la m in e  , o r  t h e

30r e a c t i o n  o f  r e c o i l  t r i t i u m  atom s w i t h  e t h a n e .  The r e a s o n
30n o t e d  by  U rch  and  W olfgang  * may b e  t h a t  t h e  C-H and N-H 

b o n d s  a r e  m ore e x p o se d  th a n  t h e  C-N b o n d . T h is  does n o t  r u l e  

o u t  e n e r g e t i c s  c o m p le t e ly  a s  s e e n  by  t h e  i s o t o p e  e f f e c t  e n ­

c o u n te r e d  i n  t h e  r a d i o l y s i s  and p h o t o l y s i s  o f  e t h a n e .

W ith  r e a c t i o n  (17) o p e r a t i v e ,  t h e  NH2 f ra g m e n t  may
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a c t  as_ an  i n i t i a t o r  i n  r e a c t i o n s  su c h  as

NH2 + CH3NH2 -> NH3 + CH4N (33)

NH + CH3NH2 -> NH3 + CH3N (34)

CH3N + CH3NH2 (CH3 ) 2NH + NH. (35)

R e a c t io n  (17) a lo n e  c a n n o t  a c c o u n t  f o r  t h e  y i e l d  o f  ammonia.

The CH^N f ra g m e n t  o f  r e a c t i o n  (14) and  (15) c an  a l s o  

l e a d  t o  ammonia

CH4N + CH3NH2 -> (CH3 ) 2NH + NH2 (36)

NH2 + CH3NH2 -> NH3 + CH4N . (37)

The CH3N f ra g m e n t  from  t h e  i n t r a m o l e c u l a r  p a t h  may r e a c t  a s  

shown i n  r e a c t i o n  ( 3 5 ) .  R a d ic a l s  may v e ry  w e l l  a c c o u n t  f o r  

some o f  t h e  p r o d u c t i o n  o f  ammonia; a  22% d e c r e a s e  h a s  b e e n  

n o te d  on a d d i t i o n  o f  i o d i n e .  D im eth y lam in e  h a s  b e e n  found  

to  u n d e rg o  an  i n i t i a l  b u i l d  up i n  c o n c e n t r a t i o n  f o l lo w e d  by 

a  d e c r e a s e  w i t h  i r r a d i a t i o n  t im e ^ ;  i t  would  b e  s u b j e c t  t o  t h e  

same f a t e  i n  t h e  a b o v e .  A n o th e r  p a t h  f o r  ammonia p r o d u c t i o n  

i s

CH3NH2 + CH3NH2 -» (CH3 ) 2NH + NH3 . (38)

P r o d u c t io n  o f  e th a n e  and  n i t r o g e n  c a n  b e  r a t i o n a l i z e d

by

CH4N + CH4N -> C2H6 + N2H2 (39)

N2H2 N2 * H2 ‘ (40)

H y d ra z in e  h a s  b e e n  p o s t u l a t e d  t o  b e  t h e  p r e c u r s o r  i n  n i t r o g e n
31p r o d u c t i o n  i n  t h e  p h o t o l y s i s  o f  ammonia ' b u t  t h e  m echanism  

o f  i t s  f o r m a t io n  i s  n o t  w e l l  u n d e r s t o o d .  The above p a t h  may 

b e  p l a u s i b l e  s i n c e  enough CH4N f ra g m e n ts  s h o u ld  b e  p r e s e n t .  

The t r i e t h y l a m i n e  c o u ld  b e  a c c o u n te d  f o r  by
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CH3N + (CH3 ) 2NH •> (CH3 ) 3N + NH, (41)

o r  CH3 + (CH3 ) 2NH •> (CH3 ) 3N + H. (42)

The m echanism  f o r  t h e  p r o d u c t i o n  o f  and am ine 

p r o b a b ly  i n v o lv e s  a  f r e e  r a d i c a l ,  b u t  t o  c h a r a c t e r i z e  t h e  

p a t h s  i s  d i f f i c u l t  s i n c e  t h e  s t r u c t u r e s  a r e  n o t  known.
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SUMMARY

The gamma r a d i o l y s i s  o f  m onom ethy lam ine , m onom ethyl-  

a m in e -d 2 , and  m ix tu r e s  o f  m onom ethylam ine and m o n o m eth y l-d ^ -  

a m in e -d 2 was s t u d i e d  a t  a m b ie n t  t e m p e r a t u r e s .  P r o d u c t s  n o t  

p r e v i o u s l y  r e p o r t e d  w ere  fo und  b y  m ass s p e c t r o m e t r y  t o  b e  

e t h a n e ,  n i t r o g e n ,  t r i m e t h y 1a m in e , a m in e ,  and am in e .

T h ese  p r o d u c t s  a r e  a l l  s m a l l  f r a c t i o n s  o f  t h e  m a jo r  p r o d u c t s ;  

h y d ro g e n ,  ammonia and  m e th a n e .

I s o t o p i c  a n a l y s i s  o f  t h e  h y d ro g e n  p r o d u c t  d e f i n i t e l y  

i n d i c a t e s  a  two m echanism  p r o d u c t i o n  o f  m o le c u l a r  h y d ro g e n .  

The m a jo r  c o n t r i b u t o r  t o  t h e  p r im a ry  p r o c e s s  i n  h y d ro g e n  

f o r m a t io n  i s  e l i m i n a t i o n  o f  h y d ro g e n  atom  from  t h e  e x c i t e d  

m o le c u le  f o l lo w e d  by  s u b s e q u e n t  r e a c t i o n  o f  h y d ro g e n  atom  

w i t h  th e  s u b s t r a t e .

A c o n t r i b u t i o n  o f  10-15% i s  a t t r i b u t e d  t o  m o n o n u c le a r  

e l i m i n a t i o n  o f  m o le c u la r  h y d ro g e n .

M ethane f o r m a t io n  c an  b e  a c c o u n te d  f o r  by e i t h e r  

m e th y l  r a d i c a l  p r o d u c t i o n  o r  i n t r a m o l e c u l a r  f o r m a t io n  o f  

m e th a n e .
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